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INTRODUCTION. 



A DESIRE has long been felt among those interested in oil-testing, 
"whether as manufacturers, dealers, or chemists, for some practical 
working manual containing not only the methods used in testing and 
analyzing oils, but also giving, in a convenient and comprehensive 
form, the vast amount of analytical data by which an unknown oil 
can -be identified, an adulterated oil easily detected, and the oil used 
as the adulterant determined. This handbook has been written 
Avith the hope of serving the above purpose. 

In this book will be found a clear and concise description of the 
-standard methods used for testing oils, modified, in certain cases, from 
experience gained in the author's laboratory. Particular attention 
has been paid to such determinations as "acid value," "saponifica- 
tion number," "iodine number," "acetyl value," and the other 
well-known tests for oils, but it also contains the methods used in 
examining " fatty acids " and the determination of such substances 
•as "resin," "lactone," and "glycerol." 

One of the chief features of the manual is the arrangement of the 
^analytical data, the oil constants. These constants, compiled from 
original sources, have been tabulated with the greatest care ; maxi- 
mum, mean, and minimum values have been given in all cases, and 
the tables are believed to be the most complete ever published in 
book form. The arrangement of these tables differs from that found 
in any of the well-known books on oils in that the oils are not given 
in their alphabetical order, but their position in the various tables 
depends on the numerical value of their constants ; thus in the table 
of iodine absorption constants sardine oil stands first, while in the 
table of acetyl values castor oil heads the list. This arrangement it 
is believed will greatly facilitate the identification of an unknown oil. 

While this book does not contain any great amount of absolutely 
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original material, it is by no means a mere compilation, but embodies 
the results of many years of practical experience, and contains all the 
data the author has worked out for his own convenience and use. 

Its name clearly indicates its character; it is an oil-chemist's 
handbook, and when used as such it will be found to be a valuable 
aid to all those engaged in oil-testing. 
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CONSTITUTION AND GENERAL PROPERTIES OF OILS, FATS, 

AND WAXES. 

The Handbook has to do with fixed oils, fats, and waxes as met 
with in commerce. 

Fixed oils and fats are here considered ; the hydrocarbon oils are 
considered only so far as they enter into combinations with fixed oils 
and fats as adulterants. 

It can be said that fixed oils are liquid glycerides which are liquid 
at ordinary temperature, and the term fixed fats applies to such gly- 
cerides as are not liquid at ordinary temperature. 

Fixed oils contain more liquid glycerides than do fixed fats. 

In chemical composition all fixed oils, including fats, are organic 
salts of organic acids; i.e., the organic radical (CH) takes the place 
of the replaceable (H) of the organic acid. 

These salts are called glycerides, as the (H) of the organic acid is 
replaced by one of the (CH) groups of glycerol ; or, in other words, 

Glycyl I -CH ; and the acid radicals form the glycyl salts of 

V-CH/ 

(Acid Rad.), N 



the organic acids; their general formula being 



C.H.C— 

//° 
The glyceride of butyric acid in butter = C,H,C 

C,H,C_ 

Acid Radical 



o 



o 



o 



C,H. 



— CH, 



-CH 



-CH, 



Glycyl 



/ 



o, 
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Glycerol, a trihydric alcohol, is able to combine with three mono- 
valent acid radicals and form triglycerides. 

Most oils do not differ so much in the glycerides they contain as 
in the amount of glycerides contained in each ; but, with this state- 
ment, it must be remembered that various glycerides also give charac- 
ter to an oil and fat. 

The principal acids found in oils are : 




CnHjn+i C — OH, 


Palmitic Acid, 


C„H„COOH. 




Stearic Acid, 


C 17 H„COOH. 



CnH 2 n-i C — OH, 


Oleic Acid, 


C„H„COOH. 


o 

// 

CnH 2 n_ 3 C — OH, 


Linoleic Acid, 


C lt H tl COOH. 



o 

// 

C N H 2N — O— C— OH, Ricinoleic Acid, C lt H M OCOOH. 

Waxes are allied to oils and fats, but differ from them in that the 
organic radical is not glycyl, but a monovalent radical, as an aliphatic 
alcohol. 

Oils are divided into three classes, based on their possession or 
lack of the property of " drying." 

(i) Drying oils, the best known being linseed, hemp-seed, 
poppy-seed. 

(2) Semi-drying oils, such as maize, cotton-seed, sesame, rape, 
and castor. 

(3) Non-drying oils, like arachis, olive, all fish oils (excepting 
sperm), all animal oils and fats, all vegetable fats. 

Sperm oil, although containing many properties similar to other 
fish oils, has been placed among the waxes, as the representative of 
liquid waxes. Sperm oil contains 35-40$ of monovalent aliphatic 
alcohols and only the smallest trace of glycerol, and for this reason it 
would seem that sperm oil represents a wax rather than an oil. 

The waxes, excepting the two sperm oils, are solid and brittle at 
ordinary temperature. 
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TABLE OF GENERAL PROPS 



OIL. 


SOURCE. 


PROCESS OF 
MANUFACTURE. 


COLOR. 


ODOR. 


TASTE. 




Linseed 


Seeds of Flax 
Russia : 

Baltic, best 

Black Sea, ad 
India : 

East Indian, 3d 
S. America: 

River Plate, 4th 


Pressing, 
English American 
Crushing Crushing 
Grinding Heating 
Heating Moulding 
Pressing Pressing 
Refining Refining 


Cold-pressed, 
Golden yellow 

High-temp. pres. 
yellow-Drown 


Character- 
istic 

Oil from 
hot pres- 
sure more 
acrid 


Character- 
istic 


On exposure to air 
oil becomes easiij 
rancid 

Thin layer driest 
neutral substant 
called" Linoxyn 1 
insoluble in wata 
alcohol, ether 


HEMP-8EED 


Seeds of Hemp 


Pressing 


Fresh, light 
green to green- 
yellow 

Oil, brown-yel- 
low 


Character- 
istic 


Mild 


Dries easily 


Wauiut 


Seeds of Walnut 
Tree 


Seeds must be very 
ripe and kept 9-3 
months before be- 
ing pressed, to give 
clear oil 

If seeds are fresh, oil 
is turbid 


Cold-pressed, 
nearly colorless 
to pale yellow 

Hot-pressed, 
greenish tint 


Pleasant 
Acrid 


Nutty 
Acrid 


Equal, if not sup 
riorto,LinseedO 


Poppy-seed 


Seeds of Poppy 


Pressing 


White Poppy- 
seed Oil, color- 
less to light yel- 
low,cold-pressed 
Red Poppy-<seed 
Oil, brown, hot- 
pressed 


Slight 


Pleasant to 
acrid 


Does not turn 
rancid ; good dri 


Maize 


Seeds of Make 
Plant 


Express seeds before 
manufacture of 
starch 

Express residue of 
fermentation vats 
after manufacture 
of alcohol 

(Char, by large amt. 
of Free Fatty Acids) 


Pale yellow 
Red-brown 


Slight 


None 


Almost no dryii 
power 


Cotton-seed 


Seeds of Cotton- 
seed Tree 


Expressed 
Refined by alkalis 


Crude, red to 
black 

Refined, pale yel- 
low 


Slight 


None 


Type of semi-di 
ingoil 


Sesame 
Gingili-Teel 


Seeds of Sesame 
Plant 


Expressed 


Yellow 


None 


Pleasant 


Very weak dryi 
power 


Rape-seed 
Colza 


Seeds of Cruci- 
ferae Brassica 
Campestris 


Extraction 
Expression 
Refined with cone. 
H,SO« 


Yellow 


Character- 
istic 


Unpleasant 
Harsh 


Intermediate t 
tween semi-di 
ing& non-dryi 

Oil thickens a 
becomes ranci 
but does not dr 


Croton 


Seeds of Croton 
Tiglium 


Extraction 
Expression 


Yellow 

Orange or brown 
when old 


Nauseous 


Burning 


Weak-drying oil 
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GLYCERIDES. 



CHARACTERISTIC 
TESTS. 



ADULTERANTS. 



USE. 



OTHER OILS OF 
GROUP. 



10-15* Solid igSSfc 
Fatty Acids j «™£ 

{5* Oleic 
15* Linoleic 
15* Linolenic 
65* Isolinolenic 



Maumene, Iodine 
Livache, Elaidin 



Rape and Cotton- 
seed Oil groups ; 
told by low Iodine 
and sapon. value 
Fish Oils; told by 
odor and highlodine 

{told by 
un- 
sapon, 
matter 



Soap stock 
Paints and varnish 
Rubber substitute 



c~i;,i $ Stearic 
Solld {Palmitic 
Liquid : 

Principally Linoleic, also 

Oleic 

Linolenic 

Isolinolenic 



Same 



Same 



VEGETABLE OILS. 

Drying. 

Lallemantia 

Niger-seed 

Sunflower 

Madia 

Fir-seed 

Candle-nut 

Japanese Wood 

Garden Rocket 

Tobacco-seed 

Weld-seed 



Sol* jK* 
Liquid : 

Principally Linoleic, also 

Oleic 

Linolenic 

Isolinolenic 



Same 



Linseed 
Sesame 
Arachis 



Artists 1 paints, es- 
pecially white. 

varnish less liable 
to crack than that 
from Linseed 

Soap (?) 



Solid 



I Stearic 
"j Palmitic 
j 65% Linoleic 
Liquid \ 5% Linolenic 
( 30* Oleic 



Same 



Rarely adulterated 
Sesame 



Salad — adulterate 
Olive 

Artists* paints 
Soap(?) 



also 



45* Oleic 
$o% Linoleic 
5% Stearic 

Cholesterol 
Licithin (Hopkins) 



ftold by 
MineralOil ) un- 
Resin Oil 1 sapon, 

[ matter 



Burning and Lubri- 
cating Oils 
To adulterate lard, 
Paints 



c~ua j Stearic 
Sol,d \ Palmitic 

Li< l uid luSoleic 
also, Hydroxy Acids 



Melting point and 
solidifying point of 
Fatty Acids 

Iodine value of 
Liquid Fatty Acids 

Becchi's test 

Elaidin test 



Linseed (?) 
Mineral Oil 
Resin Oil 



To adulterate Olive 
Oil, Lard, Butter 

Salad and general 
cooking use 

To make Butter sub- 
stitutes 

General manufac- 
turing purposes 



Solid 



Stearic 
Palmitic 
T . . , t Oleic 
L, <l uld 1 Linoleic 

also, Resinous substance 



Baudoin test 



Poppy-seed ; told by 
Iodine (Maumene) 

Arachis 

Cotton-seed (Becchi 
and Livache) 

Rape-seed (sapon. 
value) 



Edible Oil 
Soap making 
Perfumery 
Burning Oil 



also 



Stearic 
Oleic 

Erucic and Rapic 
Behenic or Arachidic (?) 
> 
Phytosterol 



Livache 
Sapon. value very 
low 
Viscosity 



Drying 

Oils 
Fish 

Oils 



Cotton-! 
Mineral Oils 
Resin Oils 



told by 
Iodine, 
Maumene, 
sapon. vis- 
cosity, 



Stearic, Palmitic, Myristic, 
Laurie, Valeric, Butyric, 
Acetic, Formic, Oleic, 
Tiglic Crotonoleic 



Gives no Elaidin 
Soluble in Petroleum 
Ether 



Castor-test. — Heat- 
ed in silver dish 
with KOH, gives 
off Capryl Alcohol. 
Boil residue, and 
Sebacic Acid crys- 
tallizes out 



Semi-drying. 

(l) OOTTON-SEED OlL 

Group. 

Cameline (German 
Sesame) 
Kapok 
So ja Bean 
Pumpkin-seed 
Beechnut 
Braxilnut 



Burning 



(2) Rape-oil Group. 
Garden Cress 
Hedge Mustard 
Black Mustard 
White Mustard 
Radish-seed 
J am bo 



Powerful purgative 
medicinal 



(3) Oastor-oil 
Group. 
Curcas 
Grape-seed 



/ of YifK ^y 
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TABLE OF 


GENERAL PR0PE1 


OIL. 


onnnrir 1 PROCESS OF 
bUUKUK. | MANUFACTURE. 


COLOR. 


ODOR. 


TASTE. 




Castor 


Seeds of Ricinus 
Communis 


Extraction 
Expression 


Colorless to pale 
green 


Mild 


ist mild 

2d harsh 

American 
more harsh 
than Italian 
and French 


Viscous 

Thickens on exposu 
to air but does not d 


Arachis 


Peanut or Earth- 
nut 


Pressing 


Colorless 


Bean 


Bean 




Olive 


Olives 


Pressing 
Extracting 


Colorless to yel- 
low 


Mild 


Pleasant 


Type of non-dryin 


Olive- 
kernel 


Stones of Olives 


Pressing 
Extracting 


Green-brown 


Rancid 
Olive 


Rancid Olive 


More soluble in alco 
than Olive 


Menhaden 


Body of Men- 
haden 


Boiling with water 


Brown 


Fish 


Fish 


Drying property 


Sardine 


Body of Sardine 


Boiling and rotting 


Yellow-brown 


Fish 


Fish 




Cod Liver 


Liver of CodFish 


Steaming 
Boiling 


Pale yellow to 
brown 


Fish 


Fish 




Seal 


Blubber of Seal 


Boiling with water 


Light yellow to 
brown 


Fish 


Fish 




Whale 


Blubber of 
Whale 


Same 


Yellow-brown to 
brown 


Fish 


Fish 




Dolphin 
Blackfish 


Blubber of 

Blackfish [Fish 
Special, Jaw of 


Same 


Light yellow 
Jaw— straw color 


Fish 


Fish 


Deposits spermacel 
time 


Porpoise 


Body of Porpoise 


Same 


Straw to brown 


Fish 


Fish 


Does not deposit 
spermaceti [70 
Jaw sol. in alcoho 
Body insoL in alot 
at7o»C. 


Neat's Foot 


Feet of Ox 


Boiling with water 


Light yellow 


Slight 


Bland 


Deposits stearin 
Does not easily beci 
rancid 


Sheep's Foot 


Feet of Sheep 


Same 


Yellow 


Slight 


Bland 


Same 


Horse's Foot 


Feet of Horse 


Same 


Yellow 


Slight 


Bland 


Same 


Lard Oil 


(i) Hog's Leaf 

Lard [Lard 
(a) Whole Hog 


Pressing 


White to light 
yellow 


Lard 


Lard 


Bleaches in light 


Tallow Oil 


Mutton and Beef 
Tallow 


Pressing 


Light yellow 


Tallow 


Tallow 


Bleaches in light 
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GLYCERIDES. 


CHARACTERISTIC 
TESTS. 


ADULTERANTS. 


USE. 


OTHER OILS OF 
GROUP. 


ire 

Iry 


Stearic 
Ricinoleic 
Ricinisoleic 
Sebacic 
Hydroxy Acids 


Highest sp. gi. of 
natural oil [Ether 
Insol. in Petroleum 
Highest viscosity of 
all oils excepting 
" Blown "andResin 
Oils 

Acetyl Value 
Sapon. Iodine Values 
Qua/. Test.—Fwrr 
drops of oil&5drops 
H N O t —neutralise 
with Na,CO, = 
Oenanthylic Acid 
(smell) 


Resin of high sp. gr. 
Linseed 
Sesame 
Rape-seed 
Cotton-seed 
"Blown "Oils from 
Linseed 


Medicinal 
Soap stock 
Alizarine assistant 


- 




Arachidic 

Oleic 

Linoleic 


Arachidic Acid 


Poppy-seed (Iodine) 
Sesame (Bandouin) 
Cotton-seed 


Salad 
Burning 
Soap stock 


Non-drylnff. 

Cherry-kernel 

Cherry Laurel 

Apricot-kernel 

Plum-kernel 

Peach-kernel 

Almond 

Sanguinella 

Rice 

Tea-seed 

Pistachio 

Hazelnut 


I 


^ I Stearic 
** \ Palmitic 
70* Oleic 
trace Arachidic 
also 

Cholesterol — only 
vegetable oil 


Elaidin, low Iodine 
Maumene, lowest of 
veg. oils 


Arachis (Iodine) 
Sesame (Baudouin) 
Cotton -seed (Livache 
and BeccHi) 
Rape (sapon. value) 
Castor and Curcas 
Lard Oil 
Drying Oils 
Fish Oil 
Mineral Oils 


Eating 
Lubricating 
Burning 
Soap stock 
Alizarine assistant 


lOl 


Like Olive, but more 
free Acid 


Like Olivt 


Mineral Oils 


Soap stock and gen- 
eral manufacturing 
purposes. 


Coffee-berry 

Ungnadia 

Ben 




? 




Mineral Oil 


Currying leatherTOil 
Manufacture of Sod 
Adult'e Linseed Oil 


ANIMAL OILS. 

Marine. 




Palmitic 
Jecoric ) , 
Asellic \ 




Mineral Oil 
Cheap Fish Oil 




(1) Fish-oil Group. 
All Fish Oils 




Palmitic 
Stearic 
? 
and 

Cholesterol 


Cholesterol, Acid 
value, Reichert, 
Meissl 

Unsap. matter 


Cheap Fish Oils 
Liver Oils 
Blubber Oils 
Mineral Oils 
Resin Oils 
Vegetable Oils 


(Pale) pharmacy 
(Brown) currying 
leather 

Manufacture of Sod 
Oil 


(2) Liver-oil Group. 




? 




Resin Oil 


Lubricating 

To adulterate Whale 


(s) Blubber-oil 




Palmitic 

? 




Seal 


Burning 

Currying leather[Oil 

Manufacture of Sod 


Group* 


in 


Volatile acids 

? 


Reichert-Meissl 




Lub icating delicate 
machinery 




C. 

at 

lOl 


Palmitic, Stearic, 
Valeric, Oleic 


Reichert-Meissl 








ne 




Iodine, Maumene, 
unsapon. matter 


Fish, Rape, Poppy- 
seed, Cotton-seed 

Mineral & Resin Oils 

Sheep's Foot and 
Horse's Foot Oils 

Hard to find pure 


Lubricating 


Terrestrial. 










Same 

To adulterate Neat's 












Same 

To adulterate Neat's 






Oleic (almost entirely) 
Stearic (little) 


Like Olive, Mau- 
mene, and Elaidin 




Eating, lubricating, 
burning 






61* Stearic 

6% Palmitic 
33% Oleic 






Lubricating 
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TABLE 


, OF GENERAL PROPER 


OIL. 


SOURCE. 


PROCESS OF 
MANUFACTURE. 


COLOR. 


ODOR. 


TASTE. 




Cotton-seed 
Stearin 


Cotton-seed Oil 


Chilled 
• 4 Bagged " 
Pressed 


Colorless to pale 
yellow 


Slight 


Slight 




Vegetable 

Tallow or 

China 


Seed of Chinese 
Tallow-tree 


Extraction 


White 


None 


None 


Hard and brittle, n 
grease spot on p] 


Palm Oil 


Fleshy part of 
Fruit of Palm- 
tree of West 
Africa 


Rotting and express- 
ing 


Orange to red 


Fresh- 
violet 

Old -dis- 
agreeable, 
rancid 


Sweet 


Consistency, 
Like Hard Butter: 

Lagos 

Like Tallow = Cm 
Large amount of i 

Fatty Acids 
Bleached by air,k 

or chemicals 


Cocoa 
Butter 


Cocoa-bean 


By-product in manu- 
facture of Choco- 
late 


Light yellow 


Chocolate 


Chocolate 




Palm-nut Oil 


Kernels of Palm- 
nuts 


Pressing 
Extracting 


White 


Pleasant 


Pleasant 


Strong caustic, n 
sary for soap-na 


Cocoa nut 
Oil 


Kernels of 
Cocoanut 


Pressing 
Extracting 


White to yellow 


Agreeable 


Agreeable 


Varies 
Cochin turns « 
Ceylon solid [n 
Coprah 


Myrtle Wax 


Berries of Myrtle 


Boiling with water 


Green (chloro- 
phyll) 

White on ex- 
posure to air 


Feeble 


Feeble 


Harder than Bees 


Japan Wax 


Berries of several 
Sumac-trees of 
Japan and 
China 


Boiling with water 
Extracting with sol- 
vents 


Pale yellow 
White (bleached) 


Tallow and 
beeswax 


Slight 


Hard 


Horse Fat 


Body of Horse 


Boiling 


Light yellow 








Goose Fat 


Body of Goose 


Boiling 


Light yellow 








Lard 


Hog's Fat from 
(i) Kidney and 

bowels 
(2) All Fats 


Tried out and 
pressed 


White 


Character- 
istic 


Character- 
istic 




BeefMarrow 


Bone-marrow of 
Cattle 


Boiling 


White 


Slight to 
disagree- 
able 


Slight to 
disagreeable 




Bone Fat 


(i) Bones of Cat- 
tle & Horses 

(2) Putrid Bones 
of every de- 
scription 


Boiling 

Extracting by sol- 
vents or extraction 


White and yel- 
low to brown 


Disagree- 
able 


Disagreeable 




Beef Tallow 


Fat of Cattle 


Rendered at ioo° C. 


Fresh-white 
Green to yellow 


Fresh — not 
unpleasant 
to rancid 


Tasteless to 
rancid 


Valued by Acid 

Higher the Tit* 

the better the ' 


Mutton 
Tallow 


Fat of Sheep 


Same 


White 


Fairly 
pleasant 


Tasteless to 
strong 


Inferior to Beef 


Butter Fat 

From Cow's 

Milk 


Fat of Cow's 
Milk 


Churning of Cream 
of Cow's Milk 


Colorless to 
light yellow 


Character- 
istic 


Character- 
istic 





RTIES OF OILS 


AND FATS 


• 




s 




GLYCBRIDBS. 


CHARACTERISTIC 
TESTS. 


ADULTERANTS. 


USE. 


OTHER OILS OF 
GROUP. 




Stearic 




None 


Eating [and Butter 
To adulterate Lard 
Soap stock 


•OLID FATS. 

Vegetable. 


no 
aper 


Palmitic 
Oleic 




None, save water 
and dirt 


Candle stock 
Soap stock 


Chaulmoogra Oil 
Carapa (Crab Wood) 
Oil 


sngo 
Free 

heat, 


Palmitic 
Oleic 






Candle stock 
Soap stock 
Cover hot iron be- 
fore tin-dipping 


Laurel Oil 

Mowrah-seed Oil 
(or Mahwah Butter) 

Shea (Galam) Butter 

Macassar Oil 

Sawarri Fat 

Mafura Tallow 

Dika (Oba) Oil 

Ucuhuba Fat 

Malabar (Piney) Tal- 
low 

Nutmeg Butter 

Borneo Tallow 




Stearic 
Palmitic 
Laurie, etc (?) 




Beeswax 

Paraffin Wax 

Tallow 

Almond 

Arachis 

Sesame 

Cocoanut 


Eating [and Butter 
To adulterate Lard 
Soap stock 


eces- 
iking 


26* Oleic 

33* Stearic, Palmitic, 

Myristic 
40% Laurie, Capric, 

Caprylic, Caproic 


Like Cocoanut 
High sapon. value 
Reichert-Meissl 
value 


None 
Cocoanut 


Soap stock 
Artificial Butter 




asily 
ancid 


Like Palm-nut Oil 


Like Palm-nut Oil 


None 
Palm-nut 


Elating 
Soap stock 
Candle stock 
Artificial Butter 




;wax 


Stearic 
Palmitic 
Myristic 
Oleic (trace) 






Candle stock 
Hottentots eat wax 
like cheese 






Palmitic 
Stearic (trace) 
Arachidic and 
free Palmitic Acid 


Ease of saponifica- 
tion 

Small ash 
(0.02-0.08*) 


Water 


Candle stock [wax 
To adulterate Bees- 
Polish woodwork 
To make wax 
matches 






Palmitic 

Stearic 

Oleic 






Ealing 

Adulterate higher- 
cost Fats 


Animal. 




Palmitic 

Stearic 

Oleic 












Palmitic 

Stearic 

Oleic 


Depends on adulter- 
ant 


Beef Tallow 
Cotton-seed Oil and 
Stearin 

Arachis, Sesame 
Maize, Cocoanut 


Eating 
Lard Oil 






Palmitic 
Stearic 






Pharmacy 
Pomade 






Palmitic 
Stearic 
Oleic 

Impurities of calcium 
salts from bones 






Candle stock 




r alue 

test 

illow 


Palmitic 

Stearic 

Oleic 


Depends on adulter- 
ant 


Resin, Resin Oil 
Paraffin Wax 
Palm-nut Oil 
Cocoanut Oil 
Cotton-seed Oil and 
Stearin 


Candle stock 
Soap stock 
Lubricating 
Butter substitutes 
Tallow Oil 




illow 


Palmitic 

Stearic 

Oleic 






Same, but inferior, 
and becomes rancid 
easier 






Butyric 

Caproic, Capric, Caprylic 
Palmitic, Stearic. Myris- 
tic, Oleic 


Reichert-Meissl, 
Hehner, sapon. 
values 


Lard, Tallow, Fats 
Cotton-seed 
Stearin [nut Oil 
Cocoanut Oil, Palm- 


Eating 
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SOLUBILITY OF THE OILS, FATS, AND WAXES.— 

TABLE I. 





Water. 


Alcohol— cold. 


Alcohol— hot. 


Ether. 


Oils, Fats, Waxes 


All insoluble 


Almost all insoluble 


More soluble 
than in cold 


All soluble 


Exceptions 




Very soluble 

Castor 

Croton 

Olive kernel 
Fairly soluble 

Cocoanut Oil 

Palm-nut Oil 

Porpoise Oil 

Oils of Glycerides of 
Linoleic Acid, as 
Linseed Oil 
Slightly soluble 

Wool Fat 

Beeswax 

Insect Wax 




Sparingly sol- 
uble 
Stearin 
Insect Wax 




Carbon 
Bisulphide. 


Chloroform. 


Benzol. 


Mineral Oil. 


Petroleum 
Ether. 


Oils, Fats, Waxes 


Ail soluble 


All soluble 


All soluble 


All soluble 


All soluble 


Exceptions 








Insoluble 
Castor 


Insoluble 
Castor 
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ADULTERATION OF THE OILS, FATS, AND WAXES. 

This table is made with the object of giving an intimation of the probable adulterants, 
depending on market price. Oils of one class are adulterated by the cheaper ones of that class. 

All adulterants must be cheaper than the oil itself. Oils are adulterated with cheaper oils 
of any and all classes. General Adulterants = Mineral Oils and Resin Oils (in table implied 
under each oil). 



CLASS. 


OILS, ETC. 


ADULTERATED WITH 


ADULTERANT IN 


VEGETABLE OIL8. 

Drying. 


Linseed 


Rape Oils 
Cotton-seed Oils 
Fish Oils 


Walnut 
Rape 
Castor 
Olive 




Hemp-seed 


Same 


Linseed 

Rape 

Olive 




Walnut 


Same, and 
Linseed 
Sesame 
Arachis 


Olive 




Poppy-seed 


Same 


Olive 
Sesame 
Arachis 
Linseed 
Rape, Olive 


Semi-drying. 


Maize .-^^ 




Drying Oils 
Lard 
Olive 
Lard Oil 




Cotton-seed 


Linseed (?) 


General Adulterant. 
Olive, Lard, Butter 
Drying Oils 
Sesame, Rape, Ara- 

— chis 

Neat's-foot 




Sesame 


Poppy-seed 
Arachis 
Cotton-seed 
Rape 


Drying Oils 
Arachis, Olive 
Lard Oil 
Lard 
Cocoa Butter 




Rape 


Drying Oils 
Cotton-seed 
Hedge Mustard 
Fish Oils 


Drying Oils 

Sesame 

Castor 

Olive 

Neat's-foot 




Croton 


Castor 






Castor 


Drying Oils 
Rape Oils 
Cotton-seed 


Croton 
Olive 



UNIVERSITY 

^f.CALIKOR^"'' 
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Oil, Fat, or Wax. 



Linseed 

Hemp-seed 

Walnut 

Poppy-seed 

Maize 

Cotton-seed 

Sesame 

Rape 

Croton 

Castor 

Arachis 

Olive !... 

Olive Kernel 

Menhaden 

Sardine 

Cod Liver 

Seal 

Whale 

Dolphin 

Porpoise 

Neat's Foot 

Sheep's Foot 

Horse's Foot 

Lard Oil 

Tallow Oil 

Cotton-seetl Stearin 

Vegetable Tallow 

Palm Oil 

Cocoa Butter 

Palmnut Oil 

Cocoanut Oil 

Myrtle Wax 

Japan Wax 

Horse P'at 

Goose Fat 

Lard 

Beef Marrow 

Bone Kat 

Beef Tallow 

Mutton Tallow 

Butter Fat 

Sperm Oil 

Arctic Sperm Oil 

Carnaiiba Wax 

Wool Fat 

Beeswax 

Spermaceti, Cetin 

Insect Wax. China Wax 



Water. 



Insol. 



Ether. 



Sol. 



Chloroform 



Sol. 



Slightly sol 



Carbon 
lisulphide. 



Sol. 



Carbon 
Tetra- 
chloride. 



Sol. 



Petroleum 
Ether. 



Sol. 



Insol. 
Sol. 



Mineral 
Oils. 



Sol. 



Insol. 
Sol. 



ATS, AND WAXES.— 


TABLE I 


I. 
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tsoiute Alcohol. 


Acetic Acid. 


Acetic Acid. 
Temperature of turbidity for equal volumes of 












«X>8. 


Pure. 


Sp. gr. 1.0565 
at 15 C. 

J HAN. 


Oil and Acetic Acid. Sp. 


gr. 1.056a. 


Glacial 
Acetic Acid, 


Benzol. 


; C. 










ID. 






Valbnta. 


Allen. 


Hukst. 






Oil: Ale. 
urn J i : 5 Moerck 






57 to 74 C. 


36 to 41° C. 




Sol. 


;•• l*3 " 












t< 


;•• 1:188 «' 


36.60* 










«« 




1:25 " 


Indies 63.30* 










<< 




French 43.30 














1 : 50 Smith 


100. 70* 








3 : 100 Smith 


«< 


u" 






no* C. 


90 C 


53°, 63 C 




«4 


5 iOgr 






107* C. 


87°C. 






•« 




301033.30* 


Insol. 


Insol. 


73° to 99° C. 




** 


Miscible in all 










Miscible in all 


t* 




proportions 
Miscible in all 










proportions 






100.00* 








Miscible in all 


tt 




proportions 








proportions 




omis 




Boulam4i.65* 
Gambia43.6o 


112° C. 


87° C. 


72 to 92 C. 




*t 


s" 


3.6:100 

Moerck 

More soluble 

than Olive 


35* 


Yellow, 1 n*C 
Green, 85°C 


64° C. 


28 to 76° C. 


Miscible in all 
proportions 


«< 

«• 

«• 
«« 








101 C. 


79° C. 

72 C. 

36 to 38 C. 


65°C. 

34° C. 

48 to 71 C. 




<• 
«• 
• « 
tt 




Jaw sol. at 
















7o°C. 
Body insol. at 






40* C. 


74 to 84 C. 




<< 




70°C. 


















43-3* 




ioo°C. 


65 to 85 ° C. 




• « 






36.66* 






69° to 76° C. 
47° C. 




«« 
«< 
«< 
tt 






4°* 










«< 
<< 






100* 


23° C. 
105 ° C. 


8 3 °C. 
Insol. 






<« 
*« 




1 : 2 (90*) 
at 6o° C. 




48°C. 


32° C. 






<« 




I : 2 (90*) 
at 6o° C. 


100* 


4o°C. 


7-5° C. 






• 




Insol. 


30% 










• * 
«« 

<< 






26.66* 


90° to 95 C. 


96.5* 






«« 
»1* 


'27.30 








95° C. 








l.^ 15.89 
*Cl M-70 






63.33* 




61.5 C. 






§ U pio9.6l 




Insol. 






98° to 103 C. 


8s°C. 




Sol. 




Insol. 












tt 




Insol. 












«« 




Slightly sol. 












«« 




Nearly insol. 












<< 




Insol. in 90* 
















Nearly insol. 












•' 




in 965^ 
















Slightly sol. 












Vei 


ry sol. 
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ADULTERATION OF THE OILS, FATS, AND WAXES— Continued. 



CLASS. 


OILS, ETC. 


adulterated with 


ADULTERANT IN 


VEGETABLE OIL8. 

Non-drying. 


Arachis 


Poppy-seed 

Sesame 

Cotton-seed 


Walnut 
Sesame 
Olive 

Cocoa Butter 
Lard 




Olive 


Drying Oils 
Cotton-seed, Arachis 
Sesame, Rape 
Castor, Curcas, 
Lard Oil, Fish Oils 






Olive-kernel 






ANIMAL OIL8. 
Marine. 


Menhaden 




Drying Oils 
Rape 
Olive 
Sperm 




Sardine 


Cheap Fish Oils 


Same 




Cod-liver 


Fish Oils 
Vegetable Oils 


Olive 
Sperm 




Seal 




Drying Oils 

Whale 

Sperm 

Rape 

Olive 




Whale 


Seal Oil 


Drying Oils - 

• Rape 
Olive 
Sperm 




Dolphin 




Same 




Porpoise 




Same 


Terrestrial. 


Neat's-foot 


Fish Oils 

Rape 

Cotton-seed 

Poppy-seed 

Oils of this class" " 






Sheep's-foot 




Neat's-foot 




Horse-foot 




Neat's-foot 




Lard Oil 


Cotton-seed 

Sesame 

Maize 


Neat's-foot 
Olive 




Tallow Oil 




Neat's-foot 
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ADULTERATION OF THE OILS, FATS, AND W AXES— Continued. 



CLASS. 


OILS, ETC. 


adulterated with 


ADULTERANT IN 


80LID FAT8. 

Vegetable. 


Cotton seed 
Stearin 




Lard 
Butter 
Tallow 
Sperm Oil 




Vegetable 
Tallow 








Palm Oil 




Sperm Oil 




Cocoa Butter 


Beeswax 
Tallow 
Almond Oil 
Arachis 
Sesame 
Cocoanut Oil 






Palm-nut Oil 




Beef Tallow 
Butter 
Lard 
Sperm Oil 




Cocoanut Oil 




Cocoa Butter 

Lard 

Beef Tallow 

Butter 

Sperm Oil 




Myrtle Wax 








Japan Wax 




Beeswax 


Animal. 


Horse Fat 




High cost Fats, as 
Butter 




Goose Fat 




Same 




Lard 


Beef Tallow 
Cotton-seed Oil and 

Stearin 
Arachis 
Sesame 
Maize 
Cocoanut 


Butter 




Beef Marrow 








Bone Fat 








Beef Tallow 


Palm-nut Oil 
Cocoanut Oil 
Cotton-seed Oil and 
Stearin 


Cocoa Butter 

Lard 

Butter 

Beeswax 

Spermaceti 
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ADULTERATION OF THE OILS, FATS, AND WAXES— Continued. 



CLASS. 


OILS, ETC. 


adulterated with 


ADULTERANT IN 


80LID FAT8. 

Animal. 


Mutton Tallow 




Cocoa Butter 
Butter 
Beeswax 
Spermaceti 




Butter Fat 


Lard, Tallow 
Goose Fat, Horse Fat 
Cotton-seed Stearin 
Cocoanut Oil 
Palm-nut Oil 




WAXE8. 

Liquid. 


Sperm Oil 


All Fish Oils 
Vegetable Solid Fats 
Arctic Sperm Oil 






Arctic Sperm Oil 




Sperm Oil 


Solid. 

Vegetable. 


Carnauba Wax 


Stearin 
Cerasin 
Paraffin Wax 


Beeswax 


Solid. 


Wool Fat 




% 


Animal. 


Beeswax 


Tallow 
Stearin 
Japan Wax 
Myrtle Wax 
Insect Wax 
Carnaliba Wax 
Cerasin 
Paraffin Wax 


Spermaceti 
Cocoa Butter 




Spermaceti 


Beeswax 
Tallow 
Stearin 
Cerasin 
Paraffin Wax 






Insect Wax 




Beeswax (?; 



. CHAPTER II. 
PHYSICAL EXAMINATION OF THE OILS, FATS, AND WAXES. 

SPECIFIC GRAVITY. 

It seems unnecessary in a book intended for oil-chemists who 
have had a chemical education to go into the details of finding the 
specific gravity ; hence only suggestions will be offered here. 

Liquids. 

Hydrometer. — This should be used only for rapid work where 
absolute accuracy is not required. 

Picnometer. — This gives the greatest degree of accuracy. There 
are many kinds, among which may be mentioned as especially 
adapted for this work Sprengel's U tube. 

Mohr-Westphal Hydrostatic Balance. — This gives fairly accurate 
results and is more rapid in its manipulation than the picnometer. 

Solids. 

Picnometer of Gintl can be conveniently used with good results. 

Reference: Dingl. Polyt. Jour. 194, p. 42. 

Various other methods for liquid and solid oils, fats, and waxes 
can be found in oil books of reference and research by various 
authors. 

Cf. J. S. C. I., 1883, p. 54; 1886, p. 65. 

Analyst, V. p. 76. 

VISCOSITY. 

Viscosity bears no relation to the density of liquids, but is inter- 
nal friction. It might be said to be the ease of flow of an oil. Pure 
rape oil is the usual standard ; viscosity is relative. 

Ordinary Technical Method. — Allow the oil to run out of a pipette 
at a definite temperature, and determine the number of seconds re- 
quired for emptying the pipette. A similar test is made with olive 
oil (preferably rape oil) as a standard, which is taken as 100. 

18 



EXAMINATION OF THE OILS, FATS, AND WAXES. 1 9 

The proportional number of seconds required for the tested oil 
gives the desired viscosity. 

Penn. R.R. Co. Method. — A ioo-c.c. long-bulb pipette is regradu- 
ated so as to hold just ioo c.c. to the bottom of the bulb. The size 
of the aperture at the bottom of the pipette is so made that ioo c.c. 
of water at ioo° F. will run out of the pipette in 34 seconds. 
Pipettes with bulbs varying from if-i£ inches outside diameter givt 
almost exactly this result. The oil is heated to the required temper- 
ature (care being taken that it is uniformly heated) and is then 
drawn up into the pipette to the required mark. The time taken 
by the oil to run out of the pipette to the bottom of the bulb gives 
the test figure. 

These pipettes are known as the Penn. R.R. Viscosity Pipette. 

More accurate methods of determining viscosity can be found in 
the following references : 

Colcan, J. S. C. I., 1886, p. 359. 

Redwood, " 1886, p. 127. Adopted by Scotch Min. 

Oil Assn. 
" (Allen's Mod.), 1886, p. 131. 

Schmid's Reishauser Vis., Chem. Zeit., 1885, p. 1514. 

Engler, J. S. C. I., 1893, p. 292. Used in Europe. 

Engler and Kunkler, " 1890, p. 654. 

No constants are given here, because they are of no avail unless 
accompanied by the method. 

OPTICAL REFRACTION — ROTATORY POWER — MICROSCOPICAL 

APPEARANCE — ELECTRICAL CONDUCTIVITY — 

SPECTROSCOPICAL EXAMINATION. 

These five subjects are dealt with in works of wider scope 
than this and are too extensive to be considered in a handbook in- 
tended for the ordinary oil laboratory. The apparatus is expensive 
and would not be found in a laboratory unless special research was 
being carried on. 

MELTING POINT AND SOLIDIFYING POINT. 

The results are poor and do not agree ; a good accurate method 
is still to be found. It has not yet been decided whether a fat melts 
at the temperature at which it softens or when it becomes transpar- 
ent. 

Melting point is the opposite of solidifying point, and is so deter- 
mined. 
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Penn. R.R. Co. Method. — Of commercial value only. 50 c.c. of 
the oil or fat is placed in a 100-c.c. bottle, and a thermometer is 
placed in the oil. The oil or fat is then frozen, using a mixture of 
ice and salt if necessary. When the oil has become hard the bottle 
is removed from the freezing mixture, placed on its side, and the oil 
allowed to soften, being stirred constantly with the thermometer until 
the oil will run from end to end of the bottle. The reading of the 
thermometer is then taken. 

Prime lard oil should not give a cold test above 13 C. 
. PohVs Method, used in Europe. — In this method the temperature 
is read when the fat just begins to become liquid ; and the liquid 
may contain solid particles. 

Into melted fat a thermometer is thrust and withdrawn so that 
the bulb remains covered with a coating of cooled fat. This coated 
thermometer is laid aside for a day or so, in order that the fat may 
regain the same physical structure it had before being melted. 

The thermometer is then placed inside of a long*wide test- 
tube with the bulb about \ inch from the bottom. The test-tube is 
slowly heated by radiated heat. As soon as a liquid drop of fat 
forms at the bottom of the thermometer bulb, the temperature is 
read. 

Capillary Tube. — The method is the same as the one used for de- 
termining the melting point of organic solids. 

The tube is drawn from a thin-wall test-tube and is about 1-2 cm. 
long and of the smallest possible diameter. This tube is closed at 
one end and a drop of melted fat is introduced. This solidi- 
fied fat is allowed to stand 2 or 3 days, and then the tube is 
attached to a thermometer, with the fat in the tube and the 
bulb of the thermometer on a level. The thermometer and 
tube are dipped into a beaker containing a fixed oil or glycerol 




The melting a c b 



Fig. 1. 



and this bath is gradually heated, 
point is noted. 

Method of Le Sueur and Crossley, J. S. C. I., 
988. 

-Liquids exhibit property of capillarity ; solids 



1898, p. 

Theory. 
do not. 

Method. — In a thin-wall tube (£), 75 mm. long by 7 
mm. wide, is placed the capillary tube (C) open at both 
ends. The tube (B) is attached to the thermometer (A). 

The fat is introduced into (B) as (D)> and the capillary 
tube dips into the fat. The whole is dipped into cold water which 



Fig. 2. 
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is slowly heated. The temperature at which the fat begins to. 
rise in the capillary tube (C) is taken as the melting point. 
Other methods: 

Wiley, U. S. Depart. Agr. Bulletin No. 13, p. 439. 
Bensemann, J. S. C. I., 1885, p. 535. 
Christomanus, " 1890, p. 894. 
Solidifying Point of Fatty Acids. — See Titer Test. 



CHAPTER III. 

CHEMICAL EXAMINATION OF THE OILS, FATS, AND WAXES. 

MAUMENfi TEST. 
rise in Temperature — specific temperature reaction. 

THEORY. — Drying oils + H,S0 4 (cone.) = higher temperature. 
Non-drying oils -f- H a S0 4 (cone.) = lower " 

Reference: Original method Maumen6, Compt. Rendus, 1882, 
p. 572. 

It must be noted that for this test the conditions and acid must 
be the same to give reliable results. 

Method. — Reference: Thomson & Ballantyne, J. S. C. I., 
1891, p. 233. 

Apparatus. — One 150-c.c. tall-formed beaker is placed in a beaker 
two sizes larger, and the space between is packed with cotton. 

One io-c.c. pipette, delivering 10 c.c. in 1 minute. 

One centigrade thermometer. 

Sulphuric acid (sp. gr. 1.83). 

50 c.c. of distilled water are placed in the beaker, and the beaker 
and the bottle of H a S0 4 are cooled by water to 20 C. The beaker 
is wiped dry and placed in the outer beaker with cotton. 

10 c.c. of H a S0 4 are then drawn up into the pipette and the acid 
allowed to run into the water while the latter is being stirred vigor- 
ously with the thermometer. The maximum temperature is noted. 
This should be repeated several times for use as a constant. 

5.0 grams of oil are weighed into the above beaker, after it has 
been dried of the water it contained, and the oil is treated exactly as 
the water has been. 

The maximum temperature is the Maumen£ Value. 

The Specific Temperature Reaction Value is obtained by dividing 
the Maumen£ Value of the oil by the rise in temperature of the 
water. 
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This is the Specific Temperature Reaction compared with water 
taken as unity. 

Errors due to lack of uniformity in apparatus, acid, rapidity of 
flow, etc., are less in the Specific Temperature Reaction than in the 
Maumen6 Value. 

If the oils are oxidized, it is best to test the fatty acids, or treat 
the oil with alcohol before testing. 

Light and air increase the Maumen6 Value, because of the oxida- 
tion of the oil. 

The author can give the following results : 



Oil. 


Maumene\ 


Spec. Temp. 
Reaction. 


Water - 


46.5 
44.O 
58.O 
42.O 
125.2 
79.O 


I. OO 

0.95 
I.24 
O.9I 
2.69 
I.69 


Olive Oil 


Rape 


Castor 


Linseed 


Cotton-seed 





Thomson & Ballantyne 


give the following table : 




Oil. 


Spec. Temp. 
Reaction. 
Water = 1. 


Oil. 


Spec. Temp. 
Reaction. 
Waier = 1. 


Olive, Candia 


O.92 
O.89 
0.90 
O.90 

0.93 
O.92 
O.92 




3-4) 
3.20 
3.20 
0.89 
1 .00 




E. India 


Levant 


River Platte 




Sperm, Southern 

Arctic Sperm 


Mitylene 


0.93 

1-57 
2.25 
2.12 
2.29 
2.23 

2-43 
2.46 


Syrian 

Cooking 


Whale, pale 


Seal, cold-drawn pale 

steam- ** " 

tinged 

Norwegian 


Cotton-seed, crude Egypt., 
refined 




163 
1.70 
1.69 
1.27 
1.35 
1.44 

T 11 




Cod, Newfoundland 

Scotch 


Rape 


Cod-liver, medicinal 




2.72 
3.06 


Arachis, comm . . - 


T . 11 




French refined. . . 




I.05 





Reference : Method of Archbutt similar to Thomson & Ballan- 
tyne. 

Allen, similar to Thomson & Ballantyne, 
excepting in stirring. Allen's Commer. 
Org. Anal. 

Ellis, J. S. C. I., 1886, pp. 150, 361. 

Jean, ThermeJacometer, J. S. C. I., 1890, 
p. 113. 



24 oil-chemist' s handbook. 

poutet's elaidin test. 

THEORY. — Oleic acid -+- HNO a = solid elaidic acid, 

C § H I7 — C— H 
II 
H-0-0-C-(CH 9 )-C-H 

Linoleic ) 

Linolenic > + HNO a = liquid. 

Isolinolenic ) 

Drying oils + HNO, = liquid mass. 

Semi-drying oils + HN0 9 = buttery mass. 

Non-drying oils + HNO, = solid mass. 

Olive oil and other non-drying oils possess the property of being 
converted into solid isomeric modifications under the influence of 
nitrous acid. This property was first applied to the detection of 
adulterants in olive oil by Poutet in 1818. 

Oils grouped by Allen according to this test : 

(1) Solid hard mass: olive, almond, arachis, lard oil, sperm oil, 
sometimes neat's-foot oil.. 

(2) Butter-like mass: neat's-foot, arctic sperm, mustard-seed, 
sometimes arachis, sperm, rape. 

(3) Pasty or buttery mass separating from a fluid portion : rape, 
sesame, cotton-seed, sunflower, Niger-seed, cod-liver, seal, whale, 
porpoise. 

(4) Liquid : linseed, hemp-seed, walnut, poppy-seed, and all dry- 
ing oils. 

Hardest elai'din given by olive, arachis, and lard oil, and is a special 
test for olive oil. 

Reagents. — Nitric acid (sp. gr. 1.42). 
Mercury (or copper). 

Elaidin or nitrous acid reagent for test. 

18.0 grams of mercury are placed in a dry stoppered 50-c.c. 
bottle, and 15 c.c. of nitric acid (sp. gr. 1.42) are added. Action at 
once begins, but there is no escape of gas ; the nitrous acid formed by 
the reaction being absorbed with the production of a deep green color. 
After a time the bottle is placed in water (io° C.) and the stopper 
inserted into the bottle. In 5-10 minutes the mercury has disappeared 
and a deep green liquid remains with some white solid at the bottom. 

The stopper is cautiously removed, and the white deposit (if con- 
siderable) is dissolved up by careful stirring and, if necessary, by the 
application of a very gentle heat. 
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This solution is good for use as long as it remains a deep green 
color. 

Keep the reagent in the dark. 

Method. — Reference: Archbutt, J. S. C. I., 1886, p. 306. 

0.96 grams of the oil are weighed into a wide-mouth stopper- 
bottle and 3.25 c.c. of the elaidin reagent is run into it from a 
burette. The whole is then shaken and placed in water of io° C. 
Shake at intervais of 10 minutes until solidification takes place or 
until further shaking is considered unnecessary. 



Oil. 


Minutes required for 
Solidification at io° C 


After 24 Hours at io° C. 


Color. 


Consistency. 


Olive 


60 

50 

60-90 

180 

Over 6 hrs. 

160 

Thick in 6 hrs. 


Yellow 

Lemon 

Orange 
Lemon 
Orange 

Blood-red 


Impenetrable to glass 

Easily penetrated [rod 

Soft 

Barely penetrable 

Apparently solid 

Soft 


Oleic acid 


Walnut (best) 


Rape, refined 

Arctic sperm 


Sperm (old) 


Buttery 
Thin fluid 


Cotton-seed 








Cod-liver 




Fluid with sediment 


Castor 




No change 
Thick fluid 


Sesame 




Orange 
Dark red 


Menhaden 




<« << 









A simple way of making the test is to add to 9 volumes of oil in a 
test-tube 1 vol, HNO, (sp. gr. 1.42) and a little mercury or copper. 
After gas has been generated some little time, stir and allow to stand. 

Action of H a S0 4 upon elaidic acid, Tscherbakoff and Saytzeff, 

j. s.c.i. , 1898, p. 359. 



livache's oxygen test. 

Theory. — More rapid drying of a drying oil than takes place 
under ordinary circumstances by exposing more surface to the atmos- 
phere. 

Drying Oils: The better the drying property of the oil the 
higher the amount of oxygen absorbed. 

. Drying oil + 9 = maximum absorption after 18 hours (some 3 
days). 

Non-drying oils + O, = gain no weight before 4-5 days. 

Free fatty acids (excepting those of cotton-seed) act like the gly- 
cerides. Drying oils appear to show their drying property in propor- 
tion to the amount of linoleic and linolenic acids contained^^ry.^ 

• ^ " 02- r: 
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Reagent. — Lead Powder : This is made by precipitating the 
lead from a lead salt by the use of zinc. The precipitate is washed 
rapidly with (i) water, (2) alcohol, and (3) ether, and is then dried in 
vacuum. 

Method. — Livache, J. S. C. I., 1886, p, 494. 

Weigh onto a watch-glass 1.0 gram of lead powder, spread out 
into a thin layer. Drop from a pipette onto this powder about 0.6 
gram of the oil to be tested, taking care that the drops do not run 
together. 

Allow the watch-glass to stand exposed to light at the tempera- 
ture of the room. 

Gain in weight = Livache Value. 



• 


Gain in Weight of 100 Parts. 




Oil. 


Of Oil after 


Of Fatty Acids 
after 


Observer. 




2 Days. 


3 Days. 


7 Days. 


8 Days. 






14.3 
7-9 

6.8 

5.9 
4-3 


8.266 
8.194 
6.383 
5-454 
1.629 


2.9 
2.9 
2.4 
1.8 
1-7 


II. O 
6.0 
3-7 
0.8 
2.6 
2.6 
0.9 
2.0 

1.3 
0.7 




Walnut 


it 


Poppy-seed 

Cotton-seed 

Beech nut 

Colza (Rape) 

Rape 


«4 
<< 
l« 
«« 
«« 


Sesame 


«« 


Arachis 


<< 


Olive 


il 


Whale 


Jean 
<« 

«< 


Japanese Sardine.. 

Cod-liver 

Menhaden 

Sperm 







References: Kissling, J. S. C. I., 1891, p. 778. 
Fahrion, 1894, p. 405. 



WARREN'S SULPHUR CHLORIDE TEST. 

The test, as it exists to-day, is of \jo great vaj^e when compared 
to the other tests for the chemical examination of yi oil. 

The claim made for the test is that drying oils treated with sul- 
phur chloride yield solid masses insoluble in carbon bisulphide, 
whereas non-drying oils give a mass soluble in carbon bisulphide. 
References: Wellemann, J. S. C. I., 1891, p. 800. 
Weber, " 1894, p. 11 

Henriques, " 1894, p. 47. 
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COLOR Tests, given for the detection of certain oils, have proven 
of so little value that they are omitted from this work, with a few 
exceptions which are the most noteworthy. Among these, however, 
Becchi's test does not prove definitely the presence or absence of 
cotton-seed oil; and so, with the few given, they drop into mere in- 
dications of no very great value. 

The results of color tests should always be accepted with very 
great caution. 

BECCHI'S SILVER NITRATE TEST. 
(Analyst, Sept., 1887.) 

Cotton-seed oil = brown color. 

Olive oil ) 

Lard (slight color) > = no color. » • 

Lard oil ) 

The test is fairly good. 

Cotton-seed oil to give this test must be fairly fresh and must not 
have been heated to 240 C. 

Reagents. — A. i.ogram silver nitrate dissolved in 200 c.c. of 
absolute alcohol and 40 c.c. ether (c. p.); add o. 1 gram HNO,. 

B. 0.1 gram silver nitrate dissolved in 200 c.c. alcohol and ether; 
add 0.1 gram HNO,. 

C. 15 c.c. cold-drawn filtered colza oil in 100 c.c. amyl alcohol. 
The colza oil should be filtered two or three times through paper 

placed in a hot filter. 

The alcohol and ether must be absolutely chemically pure. 

When 1 c.c. of solution A or 10 c.c. of solution B are heated 
for a quarter of an hour in a steam-bath, they should retain their 
color. 

Method. — 10 c.c. of the oil and 1 c.c. of solution A (or 10 c.c. of 
solution B) and 10 c.c. of solution C are placed in a test-tube and 
well agitated. Half of this mixture is poured into a test-tube and 
kept as a standard of comparison. 

The remainder of the mixture is then heated on a steam-bath for 
15 minutes and the color noticed. 

Pure olive oil should not take on a brown color. 

Cotton-seed, cotton-seed and olive oils, and cotton-seed mixtures 
change rapidly to a red-brown. 

Modifications: Pattinson, J. S. C. I., 1889, p. 30. 

Wesson, J. Chem. Soc, 1894, Abst. 11, p. 75. 
J. Suisse, deChim.et Pharm.J.S.C.L, 1898^.76. 
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Reagent. — i.ogram of silver nitrate is dissolved in 5 c.c. of water 
and mixed with: alcohol, 200 c.c; ether, 20 c.c. ; nitric acid (1:40), 
1 c.c. 

Application : 10 c.c. of the oil or fat and 3 c.c. of the reagent are 
heated in a test-tube on a water-bath for 10 minutes. 

Brown or black color indicates cotton-seed oil. 

baudouin's test. 

Sesame oil + test = red color. 

Reagents. — Sugar + hydrochloric acid. 

In a test-tube dissolve 1.0 gram of sugar in 10 c.c. hydro- 
chloric acid (sp. gr. 1. 19). To this add 20 c.c. of the oil to be tested 
and shake 1 minute. Red color indicates sesame oil. 

This test was found to take place with olive oils, and so was of no 
especial value. These modifications are found to be superior to the 
original test. 

Modifications. Tocher's Test gives negative results with olive oil, 
and hence of value (A. J. F. da Silva, J. S. C. I., 1898, p. 276). 

1 5 grams of oil are shaken with an equal weight of a solution of 2 
grams of pyrogallol in 30 grams of hydrochloric acid, and, after being 
left for some time, the oily layer is decanted and the hydrochloric 
acid is warmed 5 minutes. 

Reddish-purple color indicates sesame oil. 

Villavecchia & Fabris, J. S. C. I., 1891, p. 69. 

1898, p. 76. 

1899, p. 790. 
Reagent. — 2 grams furfuraldehyde in 100 c.c. of alcohol. (Fur- 

f urol itself gives a violet color with hydrochloric acid ; so a very weak 
solution of furfurol is essential.) 

Application: 10 c.c. of the oil are agitated thoroughly for \ a 
minute with o. 1 c.c. of the reagent and 10 c.c. of hydrochloric acid 
<sp. gr. 1. 19). 

Red color indicates sesame oil. 



CHAPTER IV. 



ANALYSIS OF THE OILS, FATS, AND WAXES. 



Purification of the Sample. — Before the weighing of the oil or fat 
for the determination of constants, but not before the determination 
of moisture, fat, and foreign matter, the oil or fat should be 
purified. 

This is done by filtration. 

A thin oil can be filtered directly through a cotton filter. 

A thick oil or fat can be filtered through a hot filter such as ia 
shown in the figure. 

This hot filter consists of a copper jacket the edges of which are 
curled back so that the condensed water will not run into the funnel 
or into the filtered fat. The copper jacket is fitted with a glass 
funnel which is inserted into a rubber stopper (A) t and this in turn fits 
the bottom of the jacket. The funnel is fitted out with an absorbent 





Fig. 4. 

cotton wad (B). Steam conducted into this jacket heats the fat inside 
the glass funnel and allows it to filter through the cotton wad. 

Weighing of the Sample. — For liquid glycerides and waxes, after 
having been thoroughly mixed, it is preferable to weigh a large 
amount, say 25.00 grams, in a weighing-bottle or beaker. 

Take out the charge and reweigh the bottle. The loss in weight 
will give the charge. For drawing out the charge a 5-10-c.c. pipette 

29 
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can be most conveniently used. The diameter of the aperture of the 
pipette must be such as to allow a free flow of oil. The bottle of oil 
and the pipette are weighed together when the oil is to be weighed 
out; in this way there will' be no loss from dripping, and the pipette 
acts to a certain extent as a stopper if the weighing-bottle is selected 
so that the bulb of the pipette just fits the diameter of the neck of 
the bottle. 

When solid glycerides or waxes are to be weighed, they should 
be heated to melting and thoroughly mixed, and then taken from the 
weighing-bottle. Of course the bottle and contents should be cooled 
in a desiccator before weighing. 

MOISTURE. 

Method of Sonnenschein, J. S. C. I., 1886, p. 508. 

Hopkins-Coburn Modification. — Many methods of drying oils and 
fats, tried in the laboratory of the author, have proved very unsatis- 
factory because of tediousness and lack of concordant results ; hence 
we have devised the following : 

A test-tube of 60-80 mm. in length and 15-20 mm. in diameter 
is used, with a small hole blown in its bottom at (e), and furnished 




Fig. 5. 

with a platinum wire around the lip at (d) for suspending the tube 
while weighing. A small wad of absorbent cotton is first inserted 
into the tube (as a), then an ashless filter-paper of 12 cm. diameter is 
folded about the finger (placing the tip of the finger in the centre of 
the paper) and is placed in the test-tube so that, upon withdrawing 
the finger from the inside of the filter-paper, the paper, with its closed 
end on the cotton wad (<z), takes the shape of the test-tube and forms 
a filter-paper capsule which prevents the solid matter of the oil from 
being mechanically carried through the cotton. Because of its size 
and lightness this filter-paper is preferred to a regular Soxhlet car- 
tridge. 

The inside of this filter-paper capsule (b) is filled with closely rolled 
ashless filter-paper, and a cotton wad is put on top (c). This test- 
tube (so filled) is dried and weighed for tare. The upper wad is then 
removed and the oil introduced and absorbed by the filter-paper, care 



TO THE 
FILTER PUMP 
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being taken that the oil does not saturate the cotton wad at (a). The 
upper wad (c) is then replaced and the weight taken. The test-tube 
is then dried in a water-jacket oven, so that the temperature is sure to 
remain constant at ioo° C. Hot air is 
drawn through the test-tube containing 
the oil. This is done under a gentle suction 
from the filter-pump. A cheap and con- 
venient form of apparatus for this purpose 
is shown in Fig. 6. The apparatus consists 
of a Y tube upon the two arms of which 
are two rubber stoppers (G), and on these a 
large-diameter rubber connection-tube (H) 
to fit the test-tube containing the oil. The 
hot oven-air is drawn from d t through the 
test-tube, out e, and up the Y tube to the 

pump. This form of apparatus allows two 

i . ^ 4.1 4.u FlG - 6 - 

samples to run under exactly the same con- 
ditions and can easily be placed in the water-oven. 

When compared with other methods tried by us, this proved to 
be far more satisfactory in rapidity and closeness of results. Loss in 
weight gives the moisture. 

When an oil is to be dried which will oxidize under the above con- 
ditions a generation of CO, or H t or illuminating-gas may be attached 
at d and so prevent this oxidation. This method also does away 
with specially constructed air-tight ovens for desired atmospheres of 
certain gases. 

After moisture has been determined, the residue should be retained 
to determine the fat and foreign matter. 

FATTY AND NON-FATTY FOREIGN MATTER. 

All oils and fats are soluble in petroleum ether excepting castor 
oil. 

After the moisture has been determined, place the weighed test- 
,tube in a soxhlet and extract the fat with petroleum ether (pentane 
40 preferred). The soxhlet must have a shorter siphon-tube than is 
customary. A siphon-tube of 2 inches, rather than the regular 4- 
inch, is suggested because it just about reaches to the top of the 60- 
80-mm. test-tube as it sets in the soxhlet. If the siphon-tube is higher 
than the test-tube, the test-tube is "drawn" and foreign matter is 
mechanically carried off with the fat. Petroleum ether is preferable 
to chloroform and benzol because it dissolves less resinous bodies than 
the latter two. 
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As a result : Petroleum ether extract = fat soluble. 

The residue = soap, dirt, remnants of 
animal and vegetable tissue. 

The residue is treated under the next heading. 

Non-fatty Foreign Matter. — The residue left in the test-tube after 
the fat has been extracted by petroleum ether is again returned to 
the soxhlet and extracted with alcohol. 

Alcohol dissolves soaps, resin, etc. 

The residue is again extracted with water, which yields some sol- 
uble inorganic salts. Or, 

The residue, without treatment with water, is ignited. 

Loss in weight => organic matter (hide fragments in case of sod 
oil). 
Weight = ash of inorganic substances. 

Ash. — Qualitative and quantitative analysis of this may be made, 
if desired, according to the ordinary methods of inorganic chemistry. 

For these determinations of an ash of an oil or fat the author pre- 
fers an ignition of the original sample. 

The ash mentioned under " Non-fatty Foreign Matter" is more 
for a weight ; the difference between which and the weight of the res- 
idue, left after extraction with alcohol, gives the organic impurities. 

THE ACID VALUE (FREE FATTY ACIDS) 

represents the number of milligrams of KOH required to neu- 
tralize the free fatty acids in i.o gram of an oil or a fat. 

Method. — Dissolve the oil or fat in hot methyl alcohol (which 
gives a neutral reaction), and titrate the free fatty acids with standard 
alkali, using phenolphthalein as indicator. 

Method. — Holde, J. S. C. I., 1890, p. 113. 

2 ~3 grams of oil are dissolved in a mixture of 20 c.c. ether and 

12 c.c. alcohol (which are absolutely neutral). 

N 
A few drops of phenolphthalein are added, and — alcoholic (50^) 

solution of KOH is run into the oil until a pink color is obtained. 
Where the oil is too dark to allow the pink color to be seen Holde 
suggests the use of a cylinder of about 4 cm. diameter instead of a 
flask. The author has obtained good results by shaking the oil so 
that the foam is thrown up. A drop of phenolphthalein on this white 
foam shows the change of color. 

For dark opaque oils 20 c.c. of oil is shaken with 50 c.c. of abso- 
lute alcohol in a stoppered cylinder, and the mixture is allowed to 
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settle. 25 c.c. of the alcohol is than taken, and 10 c.c. ether is added 

N 
if the liquid is turbid. Titrate with — KOH. If more than 2 

10 

c.c. KOH is used, the rest' of the alcohol is taken, another 50 c.c. of 

alcohol added to the oil, and the process is repeated. Here, too, the 

author prefers the shaking. to a white foam as before mentioned. 

The free fatty acid is generally calculated as oleic (mol. weight of 

oleic acid = 282). 

N 
c.c. — KOH X 0.0282 X 100 

= in terms of oleic acid. 



charge 

Notes. — (i) Alcohol and ether can be made neutral by allowing 
them to stand over Na a CO, and distilling. 

(2) To obtain a colorless solution of KOH in alcohol, the alcohol 
should stand over KOH several days and then be distilled. 

Note. — If the oil or fat contains mineral acid, this number must 
be deducted to give the true acid value. 

Total acid value — mineral acid value = true acid value. 

Kottstorfer Degree of Acidity is represented by the number of c.c. 

N 
of — KOH required to neutralize 100 grams of oil or fat. 

THE MINERAL ACID VALUE 

represents the milligrams of KOH required to neutralize the free 
mineral acid in 1.0 gram of oil or fat. 

The charge is boiled out with water, which takes up the free min- 
eral acids. This can be done in a separating-funnel or on a filter. 
The washing is carried on until the oil is absolutely free of acid. 

N 
Titrate this wash-water with — KOH, using phenolphthalein as 

indicator. 

THE SAPONIFICATION VALUE 
(KOTTSTORFER VALUE — TOTAL ACID VALUE) 

represents the number of milligrams KOH required to saponify the 
total fatty acids in 1.0 gram of oil or fat. 

The saponification value is acid value of free fatty acids. 

Reagents. — Standard HCl (do not use H a S0 4 , as K a S0 4 is pre- 
cipitated). 

Alcoholic KOH {standardized} — prepared by dissolving 30 grams 
KOH in a small amount of water and is made up with alcohol to 
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iooo c.c. Allow to stand i day and then filter. The alcohol used 
should be purified by standing over KOH for several days and then 
distilled. 

Indicator is phenolphthahin. 

i-SS- grams of oil or fat are placed in a 200-c.c. flask, and 25 
c.c. of alcoholic potash are added from a burette. Heat on steam- 
bath (with occasional shaking) for half an hour. Titrate, using 
phenolphthalein as indicator. 

In the case of dark oils where the change of color is hard to see, a 
violent shaking to throw up a white froth may aid in reading the end 
point. 

With wool fat the saponification is so difficult that it should be 
boiled for hours, or boiled with double-strength KOH under pressure. 

ETHER VALUE 
represents the number of milligrams KOH re .u red to saponify 
the neutral fatty acids in 1.0 gram of oil or fat. 

The ether value = saponification value less the acid value. 
The ether value is the saponification value if the fat contains no 
free fatty acids. 

SAPONIFICATION EQUIVALENT 

represents the number of grams of oil or fat saponified by 56.1 
grams of KOH. 

r. 1 56IOO 

Saponification value = ~ -. — . 

r Sapon. value 

THE IODINE VALUE 
(HUBL NUMBER) 

represents the iodine absorbed by the unsaturated fatty acids in a fat 
or an oil. 

References: Hubl, J. S. C. I., 1884, p. 641. 
Williams, Analyst, 1889, P- I0 3- 
Hubl, Ding. Polytech. Jour., 253, p. 281. 
8th Annual Congress of Agr. Chemists, 1891, p. 199. 

SOLUTIONS. — Starch Solution. — Add 6.0 grams of finely powdered 
starch to 80 c.c. glycerine. Heat to 150 C. for £ hour, stirring 
constantly. When cooled to about 90 C, add 150 c.c. salt solution 
(1 : 10); allow to stand, and filter through a cotton filter. 

Iodide Solution. — Dissolve 25 grams of iodine in 500 c.c. of 95^ 
alcohol. Dissolve 30 grams of HgCl, in 500 c.c. of 95^ alcohol. 
Mix the two and allow to stand. Standardize. 

Potassium Iodide Solution. — Dissolve 25 grams KI in 500 c.c. 
water. As commercial KI often contains KIO„ which gives free 
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iodine with HC1, be careful of the purity of the KI used, or make 
allowance for the iodine liberated. 

Sodium Thiosulphate Solution. — Standard solution, 24.8 grams to 
1000 c.c. 

PROCESS. — Charges are 0.15 to 0.20 grams drying oil, 0.30 to 
0.5 grams non-drying oil, and 0.6 to 0.8 grams of solid fat. 

The charge is placed in a 250-c.c. stoppered flask and dissolved in 
ia-20 c.c. chloroform. 30 c.c. of the iodine solution are added from 
a burette, and the flask, loosely stoppered, is allowed to stand, with 
occasional shaking, 4 hours in a dark place. If the solution is not 
clear, more chloroform must be added ; nor should the solution be de- 
colorized. 100 c.c. water and 20 c.c. of KI solution are added, and 
any iodine on the stopper is washed into the flask with the KI solu- 
tion. More KI solution is added if the iodine is not all out of the 

N 
chloroform. The excess of iodine is determined by an — solution of 

10 

sodium thiosulphate, shaking the flask toward the end of the reaction, 
so that any iodine held in the chloroform may be taken up by the 
KI solution. A blank is run. 

100 grams of butter fat absorb about 33 grams iodine. 

100 grams of oleomargarine absorb over 62 " "' 

100 grams of commercial mixtures absorb over 50 " " 

THE REICHERT-MEISSL VALUE (VOLATILE FATTY ACIDS) 
(U. S. Agr. Bulletin, No. 13, p. 195) 

N 
represents the number of c.c. of — KOH required to neutralize 

the volatile fatty acids obtained from 5.0 grams of oil or fat. 

Reichert value is on 2.5 grams oil or fat. 

Reichert-Meissl value is on 5 grams oil or fat. 

Method is comparative. 

References: Zeit. Anal. Chem., 18, p. 68. 

Ding. Polytech. Journ., 233, p. 229. 

5 grams are placed in a 250-c.c. dry round-bottom flask, and 2 c.c. 
KOH solution (100 grams KOH : 58 c.c. water) are added. A cork 
stopper is inserted into the neck of the flask and tied down with string. 
The saponification is completed by placing the flask on a steam-bath. 
During the saponification (which requires an hour) great care must be 
taken that no fat is allowed to rise on the side of the flask to a point 
where it cannot be reached by the alkali. In order to avoid this 
difficulty, the flask can only be gently rotated during the saponifica- 
tion. At the end of one hour the flask is allowed to cool, and when 
cold the stopper is removed. 
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To dissolve the soap add 80 c.c. of water, and warm on a steam- 
bath, with occasional shaking. 

When the soap solution has cooled to about 6o° C, the fatty acids 
are separated by adding 60 c.c. of dilute H a S0 4 (25 c.c. : 1000). 

The flask is now restoppered as before, and the fatty-acid emul- 
sion is melted by replacing the flask on the steam-bath. According 
to the nature of the fat examined, the time for the fusion of the fatty- 
acid emulsion may vary from a few minutes to hours. 

After the fatty acids are completely melted, which can be deter- 
mined by their forming a transparent oily layer on the surface of the 
water, the flask is cooled, the cork is removed, and a few pieces of 
pumice-stone added. The pumice-stone is prepared by heating it 
red-hot and throwing it into distilled water, and keeping it there until 
used. Attach the flask to a condenser and slowly heat with the 
naked flame for the distillation of the volatile fatty acids. The heat- 
ing is regulated so that no c.c. of distillate is collected in exactly 30 
minutes. The distillate should be received in a flask graduated to 
no c.c. 

The distillate, after being thoroughly shaken, is filtered through 

a perfectly dry filter-paper, and collected in a 100-c.c. graduated flask. 

N N 

Titrate with — KOH or — Ba(OH) a , using phenolphthalein as 

indicator. Titrate until the pink color formed lasts 2 minutes. A 
blank should be run. 

Butter fat requires 28 c.c. for 5 grams; oleomargarine, 1 c.c. 

THE HEHNER VALUE (INSOLUBLE FATTY ACIDS) 

represents the percentage of insoluble fatty acids in an oil or a fat. 

Reference: Zeit. fur anal. Chem., 16, p. 145, modified. 

3-4 grams of the substance are placed in a 250-c.c. flask, using a 
glass rod and hot alcohol to aid in transfer. Make the solution up 
to 50 c.c. with alcohol, and add 1-2 grams of pure stick caustic 
potash. Heat the mixture on the steam-bath, shaking continually, 
until the addition of a few drops of water causes no turbidity. This 
should not require over 10 minutes. Evaporate the solution (to 
drive off the alcohol) to soft dryness of a white color, with no smell of 
alcohol. 

Dissolve the residue in water, transfer the solution to a 1000-c.c. 
beaker, and make the solution up to 700 c.c. with hot water. 

Heat the solution on the steam-bath, making it decidedly acid 
with hydrochloric acid, and continue to heat until the fat rises to the 
top. Allow the solution to become cold, and filter through a dried 
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weighed filter. Wash out the beaker with hot water, and wash the 
precipitate with the same until the filtrate and washings give a neutral 
reaction to litmus paper. Allow the fat on the paper to become solid, 
transfer it with the filter-paper to weighing-bottle, and dry in air-bath 
at ioo° C. to constant weight. This takes 2-3 hours. 

Nearly all Hehner values = 95-97. Exceptions: Butter fat, 87.5; 
cocoanut oil, 88.6-90.5; palm-nut oil, 91. 1; croton oil, 89.0. 

Note. — Oleomargarine = 95 +. 

THE ACETYL VALUE 

represents the amount of hydroxy acids or higher aliphatic alcohols 
in a fat, in milligrams KOH required to neutralize the acetic acid 
obtained on saponification of 1.0 gram of the acetylated acids. 

Theory of Benedikt. — Hydroxylated fatty acids, on being heated 
with acetic anhydride, exchange the hydrogen of their hydroxyl group 
or groups with the radical of acetic acid. 

Acids containing no hydroxyl group remain unaltered. 

Reference: J. S. C. I., 1890, p. 846. 

Theory of Lewkowitsch. — According to Benedikt's theory: Acids 
containing no hydroxyl group remain unaltered; hence the 
amount of caustic required to neutralize the fatty acids before and 
after treatment with acetic anhydride should be the same. Lewko- 
witsch has shown this statement to be untrue, because oleic, palmitic, 
stearic, capric, lauric, and cerotic acids, containing no hydroxyl group, 
were found to give definite acetyl values. 

This is explained by the following theory : As the mixed anhy- 
drides of the higher fatty acids and acetic acid could not have been 
formed by the action of acetic anhydride, the anhydrides of the 
fatty acids have been formed. 

Palmitic Acid. Acetic Anhydride. Palmitic Anhydride. Acetic Acid. 

C u H $1 COOH C,H t — O. C 16 H n CO v CH.COOH 

+ >0 = >0 + 

C 16 H sl COOH C,H 8 — or c 16 H sl ccr CH.COOH 

Reference: J. S. C. I., 1890, p. 660. 

Method of Analysis. — 50 grams of the fatty acid are boiled with 
40 grams of acetic anhydride, with an inverted condenser, for two 
hours. The product is boiled with about 500 c.c. water, washed free 
of acid, and filtered. A charge of the acetylated product is saponi- 
fied with alcoholic potash, and the alcohol is boiled off. The residue 
is distilled with dilute H a S0 4 , as is the determination of the Reichert- 
Meissl value. Any acetic acid formed by hydrolysis of acetyl deriv- 
atives is thus distilled over, and may be titrated by means of standard 
alkali, with phenolphthalein as indicator. 



CHAPTER V. 
CONSTANTS, 



No. I w 



:on 



dfo 



CLASS. 



OILS AND FATS. 



SPECIFIC GRAY! 



VIQITABLI OILS. 
Drying. 



Linseed 



0.9316-0. 9410 Lewkc 172- 

15-5° C. 171- 

0.9254-0.9337 Cross 170. 

Lc Suer, 15.5 C. 170- 

0.934 Gill & Lamb, 173. 

B; 

108. 

Si 

170- 



Mixed Fatty Acids 



0.9233 Allen, 15.5° <I78- 

0.8925 Archbutt, 10159. 

(Water ioo° C. S179- 



Hkmp-sebd 



0.925-0.931 Allen, 1143 
W 
140. 

148 : 



Mixed Fatty Acids 



Walnut 



Mixed Fatty Acids 



122. 
D. 

Jt4i 

0.925-0.926 Allen, 1*43 1 
247-< 
I44-! 

' r i5o.< 



Poppy-seed 



0.924-0.937 Allen, 1*32* 
II37-* 



Mixed Fatty Acids 



0.8886 Archbutt. iq*39 ] 
(Water ioo° =; 



Semi-drying. 

(l) OOTTON-SEEO OlL 

Group. 



Maize 



0.923 E. Hopkins &{"■; 

15 C. I2 • 

o. 9 2 4 5^.9262|C.G.l"^ 

15° C. ll21 ' 



in. 5 
Fa 

Unss 
»8.6^ 



Mixed Fatty Acids 



COTTON-SEED 



0.922-0.930 Allen, 
0.9465 Lavallois, 1 



106] 
02- 
io6-i 
loo.? 



Mixed Fatty Acids 



0.8816 Archbutt, 1 
(Water ioo° C. 



Sesame 
Gingili— Teel 



0.923-0.924 Allen, 



Mixed Fatty Acids 



lo.g 
De 
U5.7 
Liq. 
Kc 
:o6t 
102.7 
08-1 



08.9 
De 



tant: 

hese U 



SRAV I0DI1^ UMENE 



Lewko Holde 

.6 E. H 

Crosa77.25 1 

.5° C>BenedJ 

amb,87.7 Th 

ntyne 

C65.4 Ci 



Gill & 



!5.5° (illiams 
tt, io)c Neg 
,° c. Xewkc 



Raw 90-97 

Gill & Lamb 
Special 105 Gill 
& Lamb 



Jen, *1 

enediki 
e Ncgr 
'kowit* 



"g.2 M< 
ffegris 



lien, 



1.7 
5.1 
t 



D< 



">eNeg 



Lew 



3.3 Di 



No. I 



ill & Lamb 
Hopkins 
mene 
De Negris & 



tene 

Negris & Fabris 



mene 
gris & Fabris 



tene 

Negris & Fabris 



utt, K 
oo° = 



legris 



kins &| th 



?f 



&M? c: 

.6 D( 



s Method 
Jegris & Fabris 



Hop! 



Vllcn* Die 
lois, ifrilsoi 
9 Wi 



4 M< 

C iami 



00 



I~i4 



tf en 
■fchbutt 

pkins 

ley 

Negris & Fabris 




ene 
tt 
egris& Fabris 



SPEC. TEMP. REACTION. 



2.69 E. Hopkins 
3.20-3.49 Thompson & 

Ballantyne 
9.049 Gill & Lamb 



6.381 Gill & Hatch 



/. 69 E. Hopkins 
Refined = 1. 69-1. 70 
Thompson & Ballantyne 
Crude = 1.63 •* 
5.667 Gill & Hatch 



MEAN MOL. WEIGHT. 



283 Williams 
307.2 Allen 



275 Valenta 
289 Williams 



286 Valenta 



i 



No. II 






CLASS. 



OILS AND FATS. 



(2) Rape-oil Group. 



(3) Oastor-oil 
Group. 



Non-drying. 



ANIMAL OILS. 

Marine. 

(i) Fish-oil Group. 



(2) Liver-oil Group. 



Rape 



Mixed Fatty Acids 



Croton 



Mixed Fatty Acids 



Castor 



Mixed Fatty Acids 



Arachis 



Mixed Fatty Acids 



Olive 



Mixed Fatty Acids 



Olive-kernel 



Mixed Fatty Acids 



Menhaden 



Mixed Fatty Acids 



Sardine 



Mixed Fatty Acids 



Japaj»ese Sardine 



Mixed Fatty Acids 



Cod-livkr 



Mixed Fatty Acids 



SPECIFIC GR/ 



O.91 1 2-O.9I 75 *~ x l 



0.8758 Archbutt, "-Q* 
(Water ioo° C*«i 

0.942 at 15 C. fc nj 



0.961 1-0.9736 at #*«! 
ilia 

)od 



-88, 

g± 

0.9163-0.922 at isP^ 1 



0.8475 Archbutt, 

(Water ioo° Cfr m s 

12 r 

bck 

0.9178-0.9196 ClaP D < 

0.916-0.918 (203 sg3 s; 

De Negris & F#°" 

r Ci 



0.8749 Archbutt, **? 
(Water ioo° C Wl1 



0.9202 Valent a - fjj* 



0.927-0.933 Allen|* Ai 
ID Gi 



0.933 Fahrion, 1 jLllg 



0.916 Fahrion, isP^ 1 "' 



0.922-0.927 KremF^i 
0.929 Allen, 15° Cr~ I 5 
>*43- 



; of 

ibles, 



No. II 



TC GR/ODINEJMENE 



SPEC. TEMP. REACTION. MEAN MOL. WEIGHT, 



J75 4 Cros^pk 
iveri 



ins 
imene 

)ietrich egris & Fabris 



1.24 E. Hopkins 
1. 25-1.44 Thompson & 
Ballantyne 



hbutt, J Moraf 

De Ne 
7 Walle 



321.2 Allen 
307 Williams 
314 Valenta 



"7 Lewi 



6 at r" . 

Thom^tt 

tyne 

Deerini 



kins 

tt 

ne 



0.91 E. Hopkins 
0.89-0.92 Thompson & 
Ballantyne 



Mora\i 



lams 



290-295 Wright 
306.6 Allen 
292 Williams 



►re 

)ietrich 
j.82 Crojre 



ne 
Negris & 



utt. 



1 Mora* 



S Negri! 
3.5 Wall 



_--— Negris 
cla .mples) 
*>3jfr = 77-i 
& *%ssley & 
__— -"atrski £ 



1. 05-1. 37 Thompson & 
Ballantyne 



281.8 Allen 



kins 
V re hbutt 
pies), Jean's 



0.95 E. Hopkins 
0.89-0.95 Thompson & 

Ballantyne 
4.762 Gill & Hatch 



279.4 Allen 
286 Williams 



-rebbutt 



len l0f apson rc hbutt 
11 Sl Lan & Lamb 



3.06 Thompson & Bal- 
lantyne 



^hrion 



ion ^ 

i5>y rkowit! 



mc2-6 Diet 
C 4 I-cwki 



aumene 
s 



2.72 Thompson & Bal- 
lantyne 
8.002 Gill & Hatch 



No. Ill 



CLASS. 


OILS AND FATS. 


SPECIFIC GRAVI* 


(3) Blubber-oil 
Group. 


Seal 


0.9245 Allen, 1 5. 5 C 
0.9155-0.926, 15 C. 




Mixed Fatty Acids 






Whale 


0.9301 Allen, 15. 5 C. 




Mixed Fatty Acids 


0.8922 Archbutt, 100" 
(Water ioo° C. = 




Dolphin 
Blackfish 


0.9175-0.918 Schaedlc 
15° C 




Mixed Fatty Acids 






Porpoise 


0.926 Allen, 15. 5 C. 
0.937 Chevrcul, 16 C 




Mixed Fatty Acids 




Terrestrial. 


Neat's-foot 


0.914-0.916 Allen, 15 
0.9152-0.9165 Jean, 15 




Mixed Fatty Acids 






Sheep's-foot 


0.9175 Schaedler, 15° < 




Mixed Fatty Acids 






Horse's-foot 


0.913 Schaedler, 15° C 
0.9202-0.9205 Jean, 15 
0.927 Amthor & Zink, 




Mixed Fatty Acids 






Lard Oil 


0.915 Allen, 15. 5 C. 
0.9122 Long, 20 C. 
0.915-0.916 Gill, 15° C 




Mixed Fatty Acids 






Tallow Oil 


0.916 Gill, I5 # C. 
0.9095 £. Hopkins & ( 
burn, 20 C. 




Mixed Fatty Acids 




SOLID FATS. 

Vegetable. 


Cotton seed Stearin 


0.91884 Crampton, 15" 
0.923 Schaedler, 15 C 




Mixed Fatty Acids 





A 

te 




' 


No. Ill 




[AUMENE. 


SPEC. TEMP. REACTION. 




JNE 
: GRAVITY 


MEAN MOL. WEIGHT. 




1 


2.12-2.29 Thompson & 
Ballantyne 




,i5.5;c. Mi 

. 15 C. kot 
wits 
















ion 


= 91 Allen 
85-86 Dodd 

= 92 Archbutt 
61 Jean 


Pale = 1.57 Thompson 
& Ballantyne 




is.s°c. 












Itt, 100° « 




?l£^iSod 

>chaedlerr aw 








__ 








J, i6°C. 


1 






„ 








len, 15° 


Jean 


3.286 Gill & Lamb 




ef^iljean 








rko-w 








*J£S 








iwko 

■ f 15° c ,r & 2 
san» *5 








Zink, 








C. 
IS* C 

1 


iweitzer & Lung- 
ill 














^^__pkina 

is&< 


1 














r5 - Cegris 
Lewkc 


i 


i 




__icgris < 

















No. IV 



CLASS. 



OILS AND FATS. 



SPECIFIC GRAVITY 



SOLID FATS. 

Vegetable. 



Vegetable Tallow 
(China) 



0.918 Thomson & Woo 
15° C. 



Mixed Fatty Acids 



! 

i 

if* 

-ib 



Palm Oil 



0.921 Tate, 15° C. ^ 

0.945 Schaedler, 15 C. 



Mixed Fatty Acids 



0.8701 Archbutt, ioo° C 
(Water ioo = 1) 



Cocoa Butter 



Fresh: " 

0.95-0.952 Hager, 15°; * 

Old: % D 

0.945-0.946 Hager, i^ ( 



Mixed Fatty Acids 



Palm-nut Oil 



Mixed Fatty Acids 



0.952 Schaedler, 15 CJ*| 
0.91 19 Allen, 40 C. I"?. 
(Water 15.V C. = g *j 

por 



Cocoanut Oil 



0.9115 Allen, 40 C. p 1 
(Water 15.5° C = g 



0.8354 Allen, 98° C. tf9. 



Mixed Fatty Acids 



(Water 15.5 C 



'_ Iski 
" filia 



Myrtle Wax 



Mixed Fatty Acids 



0.995 Allen, 15° C. P"* 
0.875 Allen, 98-99 ■ 
(Water ioo° C. = 4 — 



Japan Wax 



0.963-0.978 Haeer, i5°J b T 
0.918 Allen, 6o rr * * LC 

(Water 15. 5° 
Bleached: 
1. 0-1.006 Schaedler, i 
0.9985 E. Hopkins & \ 
burn 
Unbleached : 
1.0021 E. Hopkins & 
burn 



Mixed Fatty Acids 



0.848 Allen, 98 C. 
(Water 15.5° C. = 



OF 

es, t 






No. IV 


INE. 


AUMENE. 


SPEC. TEMP. REACTION. 


MEAN MOL. WEIGHT. 


:wko^ 

jris & 
Negi 








witscl 
is & I 

>e Ne 






• 


on 


1 








, 




273 Tate 
270 Allen 
263 Williams 


nger 
rich 
gris & 
Lewko 
Hopk 








ris & ] 








lenta 
orawsl 








/ski & 






211 Valenta 


ilson 
;gris & 








forawa 

IS 






196-204 Wright 
201 Williams 
Ceylon: 
211 Lewkowitsch 
















243 Allen 


ikowiu 

d: 
opkins 

lopkina 














265.3 Allen 











No. V 



ON! 
,br tl 



CLASS. 



SOLID FATS. 
Animal. 



OILS AND FATS. 



Horse Fat 



Mixed Fatty Acids 



Goose Fat 



Mixed Fatty Acids 



Lard 



Mixed Fatty Acids 



Beef Marrow 



Mixed Fatty Acids 



Bone Fat 



Mixed Fatty Acids 



Beef Tallow 



Mixed Fatty Acids 



Mutton Tallow 



Mixed Fatty Acids 



Butter Fat 



Mixed Fatty Acids 



SPECIFIC GRAVH 



f 

Kidney: fcy: 

0.932 Amthor&Zin 16 Am 

Neck: [ 

0.933 Amthor&Zin ]| Am 

Leaf: 
0.9319 Amthor & ZiAmtl 
15° C. falma 

0.9189 Filsinger 



7-T K 



0.909 Young, 37.8 Ctrban 
(Water 37.8" C. =a^ 



o 931-0.932, 15 C. 
0.934-0.936. 15° c. 



I3.8 D 
Scan: 
,Schw 
itz 

fced L; 
4-66.3 



0.8445 Allen, 99 C. Kfilliai 
(Water 15.5° C. =a 



*ewko 
■-§ : — 



0.914-0.916 Allen, 15I9.6 AA 
iS Val 




0.943-0.953. 15* "c. **>* 

0.86 Koenig, 100 C. 14 Wi 
(Water 15° C. = 17-9 F 
Itrich 



0.8698 Archbutt, iooP^ilHai 
(Water ioo C. =J|? Ber 

K92.4 



0.937-0.953. 15* C. £>-2 V\ 



^horn 



» Wall* 



0.91 1-0.94, 15 C. 

0.9074-0.9I4, IOO° C- mt 

(Water ioo C. =faniple 
B5.I H 



">7.9AA 
.triples 



1ST ANT 
these tab 






No. V 


IODINE. 


[AUMENE. 


SPEC. TEMP. REACTION. 


MEAN MOL. WEIGHT. 


nthor & Zii 

nthor & Zir 

tkor & Zin 
t: 








Kalman 








a& Spitzei 
















[Setrich 

ireitzer & 

[*rd: 

37 Wiley 


lehner 
mbUhl 
mbtihl 
ley 


Prime: 

3.715 Gill & Hatch 
No. 1 = 4.096 




MS 








owitsch 








cwitsch 








ffilson 
tienta 








ir4 
;5.7-57.3 








Eson 
llsinger I 




3.348 Gill & Hatch 




J1S 

tsemann 
Wallenst 






270-285 Wright 


Hlson 








tnstein 








{oil 

;= 33.32 
:= 19. 1 I 
Itibl 
















# 









No. VI 



rsi 

the 



CLASS* 



WAXES. 



r FA 

SPECIFIC GRAVITY. T Tl 

}L.El! 



Sperm Oil 



0.875-0.884 Allen, fc= 2.€ 

15.5 C. fc= 0.2 

0.833 Allen, 99 C. p = 1 



Mixed Fatty Acids 



0.899 Allen, 15.5 C. 



Arctic Sperm Oil 



0.8808 Allen, 15.5 C. fr.97 
0.876-0.881, 15 C. j 
0.8274 Allen, 98°-99° CJ 
(Water 15.5° C. = 1) 



Mixed Fatty Acids 



SOLID. 

Vegetable. 



0.99-0.999 at 1 5 C. 



Carnauba Wax 



Mixed Fatty Acids 



Crude = 0.973 at 15 G 
Refined == 0.973 at 15 ! 



Animal. 



Wool Fat 



Mixed Fatty Acids 



0.962-0.966 at 1 5 C, 
Dietrich 



Beeswax 



Mixed Fatty Acids 



Spermaceti 
Cetin 



0.943 Schaedler, 15 Cj 
0.960 Dietrich, 15 C. j 



Mixed Fattv Acids 



Ins e ct Wa x 

1 Mixed Fatty Acids 



0.970 at 15 C. 



'AN 
ie t; 


; 






No. VI 


TTY 

:rms 
: Ac 




SPEC. TEMP. 
REACTION. 


MEAN MOL. WEIGHT. 


ASH. 


4 
9 
■97-3 




i oo Thompson & 
Ballantyne 












281-294 Allen 
305 Williams 








0.93 Thompson & 
Ballantyne 
























0.43 


















Of mixed alcohols: 
239 Lewkowitsch 






i 








— - 
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TABLE I. 



ARRANGEMENT OF THE OILS, FATS, AND WAXES ACCORDING TO 
SAPONIFICATION VALUE. 



Class. 



Marine Animal Oil... 
11 ti i« 

Vegetable Fat 

<< <t 

it ii 

Animal Fat 

Semi-drying Veg. Oil 

Vegetable Fat 

Marine Animal Oil. . • 
Semi-drying Veg. Oil 
Drying Vegetable Oil 

Vegetable Fat 

Marine Animal Oil. . . 

Animal Fat 

Vegetable Fat 

14 II 

Marine Animal Oil. . . 

Vegetable Fat 

Animal Fat 

CC II 

TerrestrialAnimal Oil 

Animal Fat 

Non-drying Veg. Oil.. 

Vegetable Fat 

Terrestrial Animal Oil 

Non-drying Veg. Oil.. 

Vegetable Fat 

Drying Vegetable Oil 

Non-drying Veg. Oil.. 

Semi-drying Veg. Oil 
i« <i «i 

Non-drying Veg. Oil. 

Drying Vegetable Oil 
Semi-drying Veg. Oil 
Drying Vegetable Oil 
Terrestrial Animal Oil 
Drying Vegetable Oil 

Non-drying Veg. Oil.. 
Terrestrial Animal Oil 
Marine Animal Oil . . . 
Semi-drying Veg. Oil 





Saponification 


Value 


Saponification 


Valub 




of Oil 


, Kat or Wax. 


of Mixed Fattv Acids* 


Oil, Fat, or Wax. 














Lowest 


Highest 


Mean. 


Lowest 


Highest 


Mean. 


Dolphin-jaw Oil 


' 




29O.O 








Porpoise-jaw Oil 














(skimmed) 


253-7 


272.3 


263.O 








Cocoanut Oil 


246.2 


268.4 


257.3 








Palm-nut Oil 






247.6 


258 


265 


261. $ 


Carapa Oil 






239.O 








Butter Fat 


225.O 


230.O 


227.5 








Curcas Oil 


2I0.2 
(192-5) 


2305 


220.3 








Japan Wax 


214.O 


222.4 


218.3 








Porpoise Oil 


216.O 


218.8 


217.4 








Croton Oil 


210.3 


215.O 


212.7 






201. a 


Japanese Wood Oil 


, 




211. 








Myrtle Wax 


205.7 


211. 7 


208.7 








Whale Oil 


188.5 


224.4 


206.5 








Beef Marrow 






199.6 








Palm Oil 


196.3 


202.5 


199.4 


206.5 


207.3 


206.9 


Laurel Oil 


197.5 


I98.9 


198.2 








Dolphin-body Oil 






197.3 








Cocoa Butter 


I92.O 


202.0 


197.0 








Beef Tallow 


193.2 


200.0 


196.6 






197.2 


Horse Fat 


195. 1 


I97-I 


196. 1 


202.6 


202.7 


202.6 


Lard 


1953 


I96.6 


196.O 








Horse's-foot Oil 


195.O 


I96.8 


195.9 








Lard Oil 


195.O 


I96.O 


195-5 








Mutton Tallow 






195.2 








Tea-seed Oil 


194.O 


195 -5 


I94.8 








Cotton-seed Stearin 


194.6 


I95-I 


I94.8 








Sheep's-foot Oil 






194-75 








Hazelnut Oil 


191. 4 


197. 1 


194.2 








Mowrah-seed Oil 


188.4 


I99.9 


194.2 








Poppy-seed Oil 


190.O 


I98.O 


194 








Cherry-laurel Oil 






194.0 








Cotton-seed Oil 


191. 


I96.6 


193.8 


203 . 9 


208.0 


206.O 


Beechnut Oil 


191. 1 


I96.3 


193.7 








Arachis Oil 


I90.O 
(188) 


I97.O 


193.5 








Sunflower Oil 


T93.O 


194 


193.5 






201.5 


Brazilnut Oil 






193-4 








Walnut Oil 


189.O 


I97.O 


193.0 








Tallow Oil 


192.2 


I93.6 


192.9 








Madia Oil 


(188) 




192.8 








Apricot-kernel Oil 


192.2 


193. I 


192.7 






194.O 


Neat's-foot Oil 


191. 


194.3 


192.7 








Seal Oil 


185.O 


I96.4 


192.7 


190.4 


196.O 


193.2 


Sesame Oil 


187.6 


I92.4 


192.6 






199.3 
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Saponification Value 


Saponification Value 






of Oil, Fat, ok Wax. 


of Mixed Fatty Acids. 


Class. 


Oil, Fat, or Wax. 








Lowest 


Highest 


Mean. 


Lowest 


Highest 


Mean. 


Marine Animal Oil. . . 


Cod-liver Oil 


T7I. O 


213.2 


192. 1 






204.4 


Non-drying Veg. Oil.. 


Almond Oil 


187.9 


196. 1 


192.0 








Drying' Vegetable Oil 


Hemp-seed Oil 


I90 


193 


191. 5 








Non-drying Veg. Oil.. 


Olive Oil 
Plum-kernel Oil 


185.O 


196 


191. 5 
I9I-5 






200.5 








(221) | 








Drying Vegetable Oil 


Linseed Oil 


187.6 


195.2 191. 4 






198.8 


Marine Animal Oil... 


Japanese SardineOil 


189.8 


192. 1 


190.9 








Animal Fat. • • • 


Bone Fat 






190.9 
190.8 






200.0 


Non-drying Veg. Oil.. 


Peach-kernel Oil 


189. 1 


192.5 






200.9 


Semi-drying Veg. Oil 


Maize Oil 


188.O 


193.4 


190.7 






198.4 


Drying Vegetable Oil 


Niger-seed Oil 


188.9 


192.2 


190.6 








Marine Animal Oil. . . 


Menhaden Oil 


188.O 


192.O 


190.O 








Vegetable Fat 


Vegetable Tallow 


178.7 


200.3 


189.5 


l8l. 2 


182. 1 


181.7 


Non-drying Veg. Oil.. 


Olive-kernel Oil 






188.5 








Semi-drying Veg. Oil. 


Cameline Oil 






188.O 








Drying Vegetable Oil 


Lallemantia Oil 






185.0 








Semi-drying Veg. Oil 


Castor Oil 


176.O 


183.O 


180.0 








n it «t 


Grape-seed Oil 


178.4 


179.O 


178.7 






187.4 


<< ii ii 


Rape Oil 


170.2 


179.2 


174.6 








i« i« «i 

ii << 11 


Black Mustard Oil 
Hedge Mustard Oil 


I74-0 


174.6 


174.3 
174.0 








<< i< ii 


Jambo Oil 






172.3 


173.8 


174.O 


173-9 


ii i< ii 


White Mustard Oil 


170.3 


I7I-4 


170.8 








Vegetable Fat 


Nutmeg (Mace) 
















Butter 


153-5 


161. 


157.3 








Marine Animal Oil. . . 


Porpoise-jaw Oil 
(unskimmed) 






143.9 








Liquid Wax 


Sperm Oil 
Arctic Sperm Oil 
Spermaceti 


123.4 
123.0 
108. 1 


147.4 
135.9 
I28.0 


135.4 
129.5 
118. 1 








<< ii 








Animal Wax 








«i it 


Beeswax 


87.8 


IO7.0 


974 








ii ii 


Wool Fat 


98.3 


IO2.4 


95-4 








Animal Fat 


Goose Fat 


92.4 
80.0 


959 
95-0 


94.2 
875 








Vegetable Wax 


Carnatlba Wax 








Animal Wax • . 


Insect Wax 






63.O 
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TABLE II. 



ARRANGEMENT OF THE OILS, FATS, AND WAXES ACCORDING TO 

IODINE VALUE. 







Todine Value of 


IODTNK VALUR OF 






Oil, Fat, or Wax. 


Mixed Fatty Acids. 


Class. 


Oil, Fat, or Wax. 








Lowest 


Highest 


Mean. 


Lowest 


Highest 


Mean. 


Marine Animal Oil.. 


Sardine Oil 






193.2 








Drying Vegetable Oil 


Linseed Oil, (fresh) 


170.0 


181. 


175.5 


159-85 


182.O 


170.9 


< t <4 14 


" (comm.) 


148.0 


181. 


164.5 


159-85 


182.O 


170.9 


«« «( «< 


Lallemantia Oil 






162.O 








Marine Animal Oil. . . 


Menhaden Oil 


I48.O 


160.O 


154.O 








Drying Vegetable Oil 


Hemp-seed Oil 


140.5 


157.7 


149. 1 


122.2 


141. 


131. 6 


H tt ti 


Walnut Oil 


143.O 


I52.O 


147-5 






150.5 


Marine Animal Oil. . . 


Seal Oil 


I25.O 


152.4 


138.7 








Drying Vegetable Oil 


Poppy-seed Oil 


132.6 


143.3 


138.0 






139.O 


Marine Animal Oil. . . 


Cod-liver Oil 


123.O 


152.6 


137.8 








Semi-drying Veg. Oil 


Cameline Oil 


132.6 


135.3 


I34.0 






136.8 


Drying Vegetable Oil 


Niger-seed Oil 


126.6 


133.8 


130.2 








<< << «< 


Sunflower Oil 


Il8. 


133 -3 


125.7 


I24.O 


134.O 


129.0 


Semi-drying Veg. Oil 


Soja Bean Oil 


121-3 


122.2 


121. 8 


115. 


122.2 


118. 6 


Drying Vegetable Oil 


Fir-seed Oil 


Il8. 9 


120.0 


II9-5 






121. 5 


41 it it 


Madia Oil 


•II7- 5 


119. 5 


118. 5 






120.7 


Marine Animal Oil. . . 


Whale Oil 


109.2 


126.7 


118. 








Drying Vegetable Oil 


Candlenut Oil 






118. 








Semi-drying Veg. Oil 


Maize Oil 


in. 2 


123.0 


117. 1 


113. 


I25.0 


119. 


•< <( ii 


Kapok Qil 






116. 






108.0 


«« it it 


Curcas Oil 


98.8 


127.0 


112. 9 






105.5 


Non-drying Veg. Oil.. 


Cherry-kernel Oil 


no. 8 


"4. 3 


112. 6 


IO4.3 


"4.3 


109.3 


Semi-drying Veg. Oil 


Cotton-seed Oil 


102.0 


117. 


109.5 


no. 9 


115. 7 


113-0 


Non-drying Veg. Oil- 


Cherry Laurel Oil 






108.9 






112. 1 


Marine Animal Oil .. 


Japanese Sardine Oil 


96.0 


121. 3 


108.7 








Semi-drying Veg. Oil 


Beech-nut Oil 


104.4 


in. 2 


107.8 






114. 


it *i it 


Sesame Oil 


103.0 


112. 


107.5 


108.9 


112. 


no. 5 


It 41 If 


Brazil-nut Oil 






106.2 






108.0 


f 1 II 41 


Hedge Mustard Oil 


(96.2) 




105.0 








Non-drying Veg. Oil.. 


Apricot-kernel Oil 


100.0 


108.0 


104.0 


102.6 


IO3.8 


103.2 


Semi-drying Veg. Oil 


Croton Oil 


101.7 
(94.i) 


104.7 


103.2 
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Rape Oil 


99.0 


106.0 
(110.5) 


102.5 


96.3 


103. 1 


99-7 


It fl II 


Black Mustard Oil 


96.0 


106.0 


101.0 






109.6 


Non-drying Veg. Oil.. 


Plum-kernel Oil 


100.2 


100.4 


100.3 


102.0 


IO4.2 


103. 1 


Marine Animal Oil. . . 


Dolphin-body Oil 






99-5 








Non-drying Veg. Oil.. 


Almond Oil 


93.0 


101.9 


97.5 


93-5 


96.5 


95o 


it it •! 


Rice Oil 






95.4 








it it t i 


Peach-kernel Oil 


92.5 


99.7 


96.1 


94.1 


IOI.9 


98.0 


Semi-drying Veg. Oil 


Jambo Oil 


95-2 


95.6 


95-4 


96.1 


96.2 


96.2 


II 41 f 4 


Grape-seed Oil 






95.1 


98.6 


99.O 


98.9 


ti it f 1 


White Mustard Oil 


92.1 


97-7 


94-9 


94.7 


959 


953 


Non-drying Veg. Oil. 


Arachis Oil 


85.6 


103.0 


94-3 


95.5 


IO3.4 


99-5 


Vegetable Fat 


Cotton-seed Stearin 


88.7 


93-6 


91.2 






94-3 


Non-drying Veg. Oil.. 


Tea-seed Oil 






88.0 
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Class. 



Non-drying Veg. Oil.. 
Semi-drying Veg. Oil 

Non-drying Veg. Oil.. 

Liquid Wax 

Terrestrial Animal Oil 
Non-drying Veg. Oil.. 

Liquid Wax 

Animal Fat 

Marine Animal Oil. . . 

Terrestrial Animal Oil 

Vegetable Fat 

Animal Fat 

Terrestrial Animal Oil 
a << « < 

Vegetable Fat 

i* «< 
Animal Fat 

Terrestrial Animal Oil 
Vegetable Fat 

Animal Fat 

Vegetable Fat 

Marine Animal Oil. . . 

Animal Fat 

Vegetable Fat 

t% < c 

Marine Animal Oil. . . 

Animal Fat 

Animal Wax 

Vegetable Fat ,. 

Solid Vegetable Wax 

Vegetable Wax 

Solid Animal Wax. ... 

Vegetable Fat 

«i «« 

Animal Wax 



Oil, Fat, or Wax. 



Hazelnut Oil 
Castor Oil 

Olive Oil 
Sperm Oil 
Horse's-foot Oil 
Olive-kernel Oil 
Arctic Sperm Oil 
Horse Fat 
Porpoise-jaw Oil 

(unskimmed) 
Sheep's-foot Oil 
Carapa Oil 
Goose Fat 
Lard Oil 
Neat's-foot Oil 
Laurel Oil 
Shea Butter 
Mowrah-seed Oil 
Beef Marrow 
Lard 

Tallow Oil 
Vegetable Tallow 

(refined) 
Palm Oil 
Bone Fat 
Nutmeg Butter 
Porpoise-jaw Oil 

(skimmed) 
Beef Tallow 
Mutton Tallow 
Vegetable Tallow 

(commercial) 
Cocoa Butter 
Dolphin-jaw Oil 
Butter Fat 
Wool Fat 

" " Lanoline 
Palmnut Oil 
Carnatlba Wax 
Myrtle Wax 
Beeswax 
Cocoanut Oil 
Japan Wax 

(bleached) 
Japan Wax 

(unbleached) 
Spermaceti 
Insect Wax 



Iodine Value of 
Oil, Fat, or Wax. 



Lowest Highest Mean. 



83.2 
83.6 

79.O 
82.5 
73-7 

80.4 
71.4 



74-0 



56.0 

69-3 
49.0 
56.2 
bo.i 

46.0 
51.8 

52.2 
5i-5 
46.3 
31.0 

30.9 
35-4 
32.7 

32.1 
32.0 

25.7 
25.8 
17. 1 
10.3 



8.3 
8.0 



4.2 
0.00 



88.5 
85.3 

(93-67) 
88.0 
84.0 
90- 3 

82.1 
86.1 



74-4 



85.0 
70.4 
80.5 

56.9 
62.0 

64.0 
57.o 

53-0 
52.4 
55-8 
52.0 

49.6 
44.0 
46.2 

45-2 
37.7 

37-9 
28.9 
17.6 

17.5 



11. o 
9-3 



7.48 
4.09 



85.9 
84.5 

83.5 
83.3 
82.0 
81.8 
81.3 
78.8 

76.8 
74.2 
72.1 
7i-5 
70.5 
69.9 

64.7 
56.6 
56.1 
55.4 
55.o 
54-4 

52.6 
52.0 

5i. 1 
4i-5 

40.3 

39-7 
39-5 

38.7 

34-9 

32.8 

33.32 

27.4 

17.4 

13.9 

13.5 

10.7 

9-7 

8.7 

8.52 

5-8 
2-5 
1.4 



Iodine Value of 
Mixed Fatty Acids. 



Lowest Highest Mean, 



86.6 

86.1 
83.2 



82.2 
83.9 



81.6 
56.0 



541 
55.7 

25-9 
34-2 



8.39 



93-9 



90.2 
88.1 



83.3 
87.1 



82.0 
57-2 



54-8 
57-4 

41.3 
47.0 



9-3 



90.1 
90.3 

88.2 
85.7 



82.8 
85.5 



81.8 
56.6 
56.6 

55-5 
64.2 



54-5 
56.6 

33-6 



40.6 
39-1 



170 
12.00 

8.8 
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TABLE III. 



ARRANGEMENT 



OF THE OILS, FATS, AND WAXES ACCORDING TO 
REICHERT-MEISSL VALUE. 



Class. 



Oil, Fat, or Wax. 



Reichkrt-Mbissl Value 
of Oil. 



Lowest. Highest. Mean. 



Marine Animal Oil 

Animal Fat 

Semi-drying Vegetable Oil, 

Marine Animal Oil 

«« <i •» 

Vegetable Fat 

Marine Animal Oil 

Semi-drying Vegetable Oil 

Marine Animal Oil 

Vegetable Fat 

Drying Vegetable Oil 

Liquid Wax 

. « «< 

Marine Animal Oil 

Animal Fat 

Semi-drying Vegetable Oil 

Animal Fat 

Vegetable Fat 

Semi-drying Vegetable Oil 

Drying Vegetable Oil 

Semi-drying Vegetable Oil 

Drying Vegetable Oil 

Non-drying Vegetable Oil . 

Animal Fat : 

Semi-drying Vegetable Oil 

Drying Vegetable Oil 

Marine Animal Oil 



Dolphin-jaw Oil 
Porpoise-jaw Oil (skiaimed) 

-body Oil 
Butter Fat 
Croton Oil 
Whale Oil 
Dolphin-body Oil 
Cocoanut Oil 
Palmnut Oil 

Porpoise-jaw Oil (unskimmed) 
Castor Oil 
Cod-liver Oil (commercial) 
Cocoa Butter 
Lallemantia Oil 
Arctic Sperm Oil 
Sperm. Oil 
Menhaden Oil 
Horse Fat 
Maize Oil 
Lard 
Palm Oil 
Cotton-seed Oil 
Sesame Oil 
Walnut Oil 
Curcas Oil 
Rape Oil 
Linseed Oil 
Olive Oil 
Beef Tallow 
Grape-seed Oil 
Niger-seed Oil 
Seal Oil 

Cod-liver Oil (medicinal) 
Most Oils 



22. o* 
24-5 

13-27 
1-4* 

6.65 



1.64 
0.66* 



0.70* 

0.28 
0.53 
0.00 



0.11 
0.14* 
0.0 
0.00 



46.9 
32.0 
I3-56 
25.00 

7-8 



4.2* 



2.14 
2.50 



1.20 

1.30* 

0.90 

1-43 



0.63 
0.44* 
0.4* 
0.75 



131.84 

131-6 
35o 
28.25 

13-44 
13.20 
1 1. 2* 
7-2 
5.o 
4.16* 
3.4* 
3.2* 
3.2* 
3. 1* 
2.8* 
2.6* 
2.4* 
1.9 
1.5& 
1. 10 
i.oo* 
0.95. 

0.95. 

0.92: 

0.76. 

0.74. 

0.72 

0.60 

0.50* 

0.46 

0.37 

0.29 

0.2a 



* Reichert Value X 2 = Reichert-Meissl. 
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TABLE IV. 

ARRANGEMENT ACCORDING TO HEHNER VALUE. 



Class. 



Marine Animal Oil 

•< •« it 

Vegetable Fat 

Animal Fat 

Semi-drying Vegetable Oil 

Vegetable Fat 

Non-drying Vegetable Oil . 
Semi-drying Vegetable Oil 

Drying Vegetable Oil 

Marine Animal Oil 

- i« «> «« 

Animal Fat 



Oil or Fat. 



Dolphin-jaw Oil 

Porpoise-jaw Oil (skimmed) 

Cocoanut Oil 

Butter Fat 

Croton Oil 

Palm-nut Oil 

Tea-seed Oil 

Curcas Oil 

Grape-seed Oil 

Lallemantia Oil 

Whale Oil 

Seal Oil 

Goose Fat 

Lard 

All other Oils and Fats 



Hbhnbk Value of Oil or Fat. 



Lowest. Highest. Mean. 



68.44 
82.35 
86.5 
88.9 



87.9 



92.8 
92.4 
93.O 
94.O 



72.05 
90.50 
88.OO 
89.I 



95.2 



95-45 
95.88 
96.15 
97.OO 



66.28 
70.25 
86.40 

87-25 

89.O 

91. 1 

9T-5 

91.6 

92.13 

93-3 

93-5 

94.13 

94.14 

94- 56 

96.0 



TABLE V. 

ARRANGEMENT ACCORDING TO ACETYL VALUE. 



Class. 




Oil. 


Acetyl Valub of Oil. 




Lowest. 


Highest. 


Mean. 


Semi-drying Vegetable Oil 
i« •» i< 

11 11 11 
Drying Vegetable Oil 


.... 


Castor 

Olive-kernel 

Cotton-seed 

Poppy-seed 

Sesame 

Linseed 

Croton 

Curcas 

Walnut 

He.mp-seed 

Rape 

Peach-kernel 

Olive 

Arachis 


153.4 
16.6 


155.0 
2I.O 

(36?) 


154.2 

22.5 

18.8 

13.1 

11. 5 

8.5 

8.5 

8.36 

7.6 

7-5 

6.3 

6-4 

47 

3-4 


Semi-drying Vegetable Oil 


... 


Semi-drying Vegetable Oil 
11 ti i* 

Drying Vegetable Oil 


.... 






Semi-drying Vegetable Oil 
Non-drying Vegetable Oil. 

14 11 II 

i ; i« 11 
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TABLE OF I 



Series. 


Acid. 


Formula. 


MeltingPoint. 


Boiling Point, 
Ordinary 
Pressure. 


Boiling Point, 
Press. MM. 


Acetic 'Acetic 


CH..COOH 


Liquid 


4- II8.0 




CnCcjO, 


Butyric 


C 4 H 8 O a 
CH,.CH,CH,COOH 


Liquid 
- 2° to + 2° 


4- 162.3 






Isovaleric 


CH lt O a 
(CH,) a CHCH a COOH 


Liquid 


4- 173.7 






Caproic 
Isobutylactic 


C.H„O a 
(CH t ),CH.CH a CH 9 COOH 


Liquid 


abt. 4- 200.0 






Caprylic 


c 8 h 16 o, 
ch,(ch,)«cooh 


+ 16.5 


4- 236.0 






Capric 


CioHaoOj 
CH,(CH a )»COOH 


+ 31.3 


4-268 to 270.0 






Umbelluric 


CnHstOs 


+ 21 to 23.0 


-I-275 to 280.0 






Laurie 


C11H14O1 


+ 43-6 


4- 269.0 

decomp. at ord. 

press. 


4- 225.0 at 100 mm. 




Myristc 


CmHjiOj 


+ 53.8 


" 


4- 250.5 at 100 " 




Palmitic 


Ci«H«jOi 


+ 62.0 


«< 


4- 215.0 at 15 " 
+ 271.5 at 100 " 




Stearic 


C.H..O, 


+ 69.2 


4- 360.0 
decomp. 


+ 232.0 at 15 " 
4- 291.0 at 100 " 




Arachidic 


C30H40O1 


4- 75.0 








Behenic 


CajH440a 


+ 77 to 78.0 








Lignoceric 


Cj4H 49 Oj Isomer. 


4-8i.o 








Carnalibic 


Cj 4 H 48 0, Isomer. 


+ 72.5 








Cerotic 


C, 7 H6 4 0, or C, fl H»,0, 


+ 78.0 








Melissic 


CsoHtoOj 


4-90.0 






Oleic 


Tiglic 


C6H 8 O a 


+ 64.5 


198.5 




C N H, N - 3 0, 


Hypogaeic 


Ci«Ht«Oa 


+ 330 








Physetoleic 


Ci«Hs«Oa 


4- 30.0 








Oleic 


CisHiiOa 


pure 4~ i4-o 


4- 250.0 
decomp. 
with super- 
heat'd steam 


4- 232.5 at 15 mm. p 
4- 285.5 at 100 " 




Erucic 


CjsH4«Oi 


4- 33 to 34.0 




4- 264.0 at 15 " 


Linolic 


Ekeomargaric 


CitHsoOs 


+ 48.5 






C N H aN -40, 


Linolic 


C..H m O« 


Liq. at — 18 






Linolenic 


Lin oleic 


CitHsoOa 








C N H a N-«Ot 


Jecoric 


CisHaoOs 








Ricinoleic 
C n H„n-,0, 


Ricinoleic 
[soricinoleic 


CiaHs40t 

Ci»H»40s 


4- 16 to 17.0 
Resembles ri 


decomp. 
cinoleic acid 


decomp. under 
15 mm. 




Rapic 


CitH|40s 









SOLUBILITY OI 

Lower members of acetic acid series miscible in water in all proportions, but this changes wit 
capric acid is only sparingly soluble. Higher acids insoluble in water. All fatty acids 



LTTY ACIDS. 
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r 

Color. 


Odor. 


Tastk. 


Description. 


Source. 


Colorless 


Penetrati'g acid 


Acid 


Low temp., anhydrous 
Leafy cryst. ■+- 16.7 = liquid 


Spindle Tree 


i 


Fresh 1 A . 

di S t.r =Acetlc 

+ water = Ran- 
cid butter 


Sour, 
burning 


Oily liquid 


6.o# butter fat 




Putrid cheese 




«« 


Porpoise, Dolphin, Blubber oils 




Sweat 




" 


Butter fat, Cocoanut oil 




Strong sweat 




<« 


Human fat, Butter fat, Cocoa- 
nut oil 




Goat-like 




Fine needles, cryst. 


Butter, Cocoanut oil 




Faint 


Irritating, 
disagreeable 


Crystalline 


6. o# California Bay Tree Chaul- 
moogra oil 








Large crystals solid 


Laurel, Cocoanut oil, Sperma- 
ceti 








Crystal laminae 


Nutmeg butter, Cocoanut oil 
Otoba fat, Dika oil, Spermaceti 


White 


None 


None 


Tufts of fine needles 
cryst.or cryst. mass 


Most oils and fats, Spermaceti, 
beeswax, large amount in palm 
oil, vegetable tallow, Japan wax 


<4 


«< 


<i 


Laminae or cryst. 
mass 


Most oils and fats, especially in 
harder, as tallow 








Small lustrous scales 


Butter, Rape oils. Cocoa butter, 
and Arachis oil 


i i 






Needles 


Ben oils 








Radiated structure 
or white flocks 
brittle when cool 


Arachis oil 


<« 








Carnatlba wax 








From ale. in deli- 
cate needles 


Beeswax, Carnaiiba wax, Chi- 
nese wax. Opium wax, wool fat 


" 






Silky lustre scales 


Beeswax 








Triclinic columns 


Croton oil 


Lite decomp. 
to brown 


Decomposed 
= rancid 




Needles 


Arachis oil 


" 


tt 




Pure liquid 


Sperm oil 


te = colorless 
Id = yellow 


t* 
Rancid 




Liquid 


Most oils and fats, especially 
liquid 








Long fine needles 


Rape oil, black and white mus- 
tard oils 








Rhombic plates 


Japanese Wood oil 


Yellow 






Oil 


Linseed and all drying oils 


14 


Fish 




« • 


«• a 










Sardine oil ? 


Colorless 






Oil— 6.0 in cold, so- 
lidifies to hard 
white mass 


Castor oil 




1 




Rape oil ? 



FATTY ACIDS. 

Isobutylactic acid to solubility, which rapidly decreases as the carbon atoms increase, and 
>luble in hot alcohol. 



CHAPTER VI. 

FATTY ACIDS. 

DESCRIPTION AND EXAMINATION. 

The fatty acids with glycerol form the oils and fats. Almost 
invariably the fatty acids of the oils have an even number of carbon 
atoms. The fatty acids usually found in oils and fats are palmitic, 
stearic, and oleic, while next to these come linoleic and ricinoleic. 
Other fatty acids occur with these in oils and fats, but only in small 
quantities, and generally give the character to the fat in which they 
occur, as butyric in butter. 

Fresh animal fats contain only a trace of free fatty acids. 

Fresh vegetable fats may contain considerable free acid. 

Oils and fats froin unripe seeds contain more free acid than do 
those from ripe seeds. 

The free acids in a vegetable oil and fat increase with the age of 
the oil ; especially is this true of palm oil, palm-nut oil, and cocoanut* 
oil, which decompose into free acid and glycerol. 

It is worth noting that cotton-seed, being refined by alkali, con- 
tains no free fatty acids. 

Ballantyne (J. S. C. I., 1 89 1, p. 29) has shown that a fat has 
often become " rancid " before free fatty acids appear; hence it would 
seem that the liberation of fatty acids in a fat is not essential to cause 
" rancidity." 

See 4< Rancidification of Fats," Chemical News, 1896, pp. 197, 
246. 

SEPARATION OF THE FATTY ACIDS FOR EXAMINATION. 

This can be done by the complete saponification with alcoholic 
KOH of the oil or fat. The soap is dissolved in water and heated 
for some time in a steam-bath until all traces of the alcohol have been 
given off. Decompose the soap solution by the addition of a mineral 
acid, heating until the fatty acids are liberated and rise to the top, 
cool, and separate in a cake ; or by means of a separating-funneL 
Wash the fatty acids with water free of every trace of mineral acid. 
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TOTAL FATTY ACIDS. 

Method by C. G. Hopkins. J. Amer. Chetn. Soc, i8p8, p. PSS- 
After the oil or fat has been saponified and separated, as in 
" Determination of Unsaponifiable Matter (Honig and Spitz)" the 
soap solution is acidified with hydrochloric acid and separated in a 
separating-funnel. 

The separated fatty acids are taken up with ether and the aqueous 
layer is drawn off. The ether layer is washed several times with 
water and transferred to a weighed flask. The ether is distilled off, 
and a few c.c. of absolute alcohol are added and driven off to remove 
all traces of water. Weight = total fatty acids. 
For further identification of the fatty acids, 
Lewkowitsch, J. S. C. I., 1890, p. 843. 

C. G. Hopkins, Amer. Chem. Soc, 1898, p. 957. 

SOLIDIFYING POINT OF FATTY ACIDS. 
DALICIAN'S METHOD— TITER TEST. 

References: Dalican, Moniteur Scientifique, 1868. 

Thorpe's Die. Applied Chem., vol. III. p. 50. 

Saponify the oil with alcoholic potash and decompose the soap 
with mineral acid (H,S0 4 ), whereby the fatty acids are liberated. 

A test-tube 5 inches long by f in. in diameter is inserted into a 
rubber stopper by which the test-tube is fixed into the mouth of a 
bottle or flask. 

The melted fatty acids are then poured into the warm test-tube 
until the tube is about | full, and a thermometer, previously warmed, is 
suspended in the liquid. As the fatty acids begin to solidify, slowly 
stir the contents of the test-tube by the thermometer. At first the 
thermometer falls, but then begins to rise again and remains stationary 
for at least two minutes. The temperature thus indicated is the soli- 
difying point. 

Finkener's Method. J. S. C. I., 1889, p. 424. 

This gives higher " Titer Nos." than Balkan's Method and shows 
no advantage. 

QUANTITATIVE ANALYSIS OF FATTY ACIDS. 

The analysis giving the constants for the fatty acids are the same 
as for the oils and can be found under the heading of Chapter IV as 
follows : 

A measure of the Free Fatty Acids in a fat = Acid Value. 
Percentage of the Total Fatty Acids " " ' ' = Saponification Value. 
For free fatty acids these two should be identical. 
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Volatile Fatty Acids 
Insoluble Fatty Acids 
Unsaturated Fatty Acids 



in 5 gr. 
" a fat 

< « i t tt 



fat = Reichert - Meissl Value. 
= Hehner Value. 
= Iodine Value. 



QUANTITATIVE ANALYSIS OF FATTY ACIDS. 

Lewkowitsch, J. S. C. I,, 1890, p. 843. 

Fatty Acids. Amount shown by (1) Hehner value and Reichert-Meissl value; 

. (2) KSttstorfer value in terms of mgr. KOH. 
Soluble in water. Amount shown by Reichert-Meissl value. 
Insoluble in water, amount shown by Hehner value. 
Saturated. 
Unsaturated detection. Iodine value. 

(1) CisHsiOa yields on oxidation Dihydroxystearic Acid. 

(2) CisHsaOa " ". " Tetrahydroxystearic Acid. 

(3) CiaHaoOa " " " Hexahydroxystearic Acid. 
(4)C, b H,40a " " " Trihidroxystearic Acid. 

Fatty Acids, Kottstorfer value. 

(1) Neutral Fats. Amount shown by Ether value. 

(2) Free Fatty Acids. Amount shown by Acid value. 



CALCULATION OF THE MEAN MOLECULAR WEIGHT OF INSOLUBLE 

FATTY ACIDS. 

These fatty acids are mixtures, and hence only the mean molecular 
weight can be determined. 

Find the acid value in milligrams of KOH. 

Molecular weight = M : 56.1 : : 1 : Acid value. M = ~ — ^jj 1 — 

Acid value. 



Acid. 


Formula. 


Molecular Weight. 


Myristic 


Ci4Ha80a 

CieHsjiOa 
CisHsoOa 
C'flHsaOa 
CigHsiOa 


228 
256 

278 
280 
282 
284 
298 
388 


Palmitic 


Linolenic 


Linolic 


Oleic 


Stearic 


Ricinoleic 

Erucic 


C18H84O3 
CaaH«»Oa 





Most oils and fats contain fatty acids with molecular weights 
from 256 to 284. 
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RENARD'S ARACHIDIC TEST. 
Arachis oil yields arachidic acid. 

Original Method. Renard, Comptes Rend., 73, p. 1 330. 

Archbutfs Method. J. S. C. I., 1898, p. 1124. 

Reagents. — (1) NaOH — 50 grams NaOH in 100 c.c. water. 
(2) Alcohol 90^. (3) HC1. (4) Ether. (5) Lead acetate : 20# aqueous 
solution. 

Ten grams of oil are saponified in a porcelain dish with 8 c.c. of 
the caustic solution and 70 c.c. of alcohol. Evaporate to 20 c.c. 
volume, and wash with water into a separating-funnel. Decompose 
the soap with hydrochloric acid, and shake out with ether to dissolve 
the liberated fatty acids. Two extractions with ether are sufficient. 
Wash the ether solution with water and then distil to dryness in a 
250-c.c. flask. Heat the flask on a water-bath, and thoroughly dry 
the fatty acids by sucking out the vapor. Dissolve the dried fatty 
acids by adding 50 c.c. of 90^ alcohol while the flask is still hot. 

Add to solution (which should be as warm as 40 C. to keep in 
solution the crystals of lignoceric and arachidic acids) 5 c.c. of a 20# 
aqueous solution of lead acetate, then cool to 15 C, agitate, allow 
to stand i hour, filter, and wash only once with ether upon the filter* 
Wash the soaps back into the flask with ether from a wash-bottle, 
digest with ether for a short time, filter, and again rinse back. 

After doing this four times the lead oleate will have been entirely 
dissolved out. Wash the lead soaps into a separating-funnel with 
ether before they have time to dry. Soap adhering to paper and flask 
is decomposed and transferred by rinsing with hot dilute HC1 followed 
by ether. 

Pour into the separating-funnel 20 c.c. of HC1 (sp. gr. 1.10) to de- 
compose the lead soaps, shake, draw off the aqueous liquid, and re- 
peatedly wash the ethereal solution with small quantities of cold 
water until lead chloride is removed. 

Distil off ether in a 250-c.c. flask and thoroughly dry the residual 
fatty acids as before. Take up again with 50 c.c. of 90^ alcohol, 
and cork the flask and allow to cool to 15 C, when lignoceric and 
arachidic acids will crystallize out. 

For a quantitative determination the process is carried on from 
this point by holding the temperature of the flask at i5°-20° C. for 
an hour, with occasional agitation ; collect the crystals on a Gooch 
filter, using the filtrate for rinsing the flask. Wash the crystals several 
times with 90^ alcohol : measure the filtrate and washings for correc- 
tion. Wash the acids with 70^ alcohol (in which these acids are in- 
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soluble) until the washings give no precipitate on the addition of 
water. These washings are thrown away. 

If these steps are repeated, the product is purer. 

The crystals are dissolved off the filter with boiling ether, distilled 
down, dried at ioo° C. for an hour, and weighed. To this weight is 
added the amount dissolved by the 90^ alcohol, as given in the 
following table. 



Weight of Fatty Acids 


Correction per 100 c.c. of 90* Alcohol used for Crystallization and Washing. 

Grams. 


obtained by 






Renard's Process. 








Grams. 


15° C 


17.5 c. 


ao°C 


0.1 or less 


+ O.O33 


+ 0.039 


+ O.O46 


.2 


.O48 


.056 


.064 


•3 " 


.055 


.064 


.074 


• 4 


.06l 


.070 


.08O 


• 5 


.064 


.074 


.085 


.6 


.067 


.077 


.088 


•7 " 


.069 


.079 


.O9O 


.8 


.070 


.080 


.O9I 


.9 and upwards 


.071 


.CII 


.091 



CHAPTER VII. 



UNSAPONIFIABLE MATTER. 



"Saponification," according to Alder Wright, was originally- 
used to designate the chemical change taking place when soap is 
prepared by the action of alkali upon fixed oils and fats ; but this 
definition has been extended to comprise all parallel changes occur- 
ring where various classes of "compound ethers " are broken up into 
a metallic salt of the organic acid and an alcoholiform product. The 
author would still further extend this definition by saying that the 
term has been extended to comprise all parallel changes occurring 
where various classes of " compound ethers " are broken up into an 
organic acid or its metallic salt and an alcohol. Hence the action of 
alkali, acids or steam upon fixed oils and fats constitutes saponification. 

Under the term *' unsaponifiable matter " are embraced the fol- 
lowing substances, unacted upon by alkalies and insoluble in water. 

Caustic potash, in alcoholic or aqueous solution, is the agent used 
for saponification in the chemical analysis of oils, fats, and waxes. 

The principal unsaponifiable substances met with in oil analysis 
are: 



The true 
unsaponifiable matter 



Unsaponifiable 



Partly saponifiable 



Mineral oils 
Coal-tar oils 
Paraffin wax 
Cerasin 

Aliphatic alcohols 
Resin oils 



Confounded with un- r Partly saponifiable Waxes 

saponifiable matter j Hard to saponify Lactones 

unless due care is j Almost entirely saponi- 

taken I fiable Resin 



All good cylinder oils are a mixture of fatty acids and mineral oils. 
Most " blown oils" are a mixture of fatty acids and mineral oils. 
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Mineral oils are miscible with all fatty oils excepting castor oil, 
and if castor oil is fixed with other fatty oils it can be made to mix 
with mineral oil. 

Detection of the Unsaponifiable Matter. Holde^J. S. C. /., 1889, 

P- 735- 

Heat a small piece of caustic potash with about 5 c.c. absolute 
alcohol in a test-tube. To this solution add a few drops of oil, and 
reheat. Pour in a few c.c. of water, and if the solution becomes 
turbid unsaponifiable matter is indicated. 

Quantitative Determination of the Unsaponifiable, 

There are many gravimetric and volumetric methods for this 
determination, and those selected have proven most successful. 

DETERMINATION OF UNSAPONIFIABLE MATTER. 
MINERAL OIL AS AN ADULTERANT. 

Method of Honig and Spitz. J. 5. C. /., i8pi,p. lojp. 

7-10 grams of the oil or fat are placed in a 250-c.c. flask; 20- 
25 c.c. of alcoholic KOH and 25 c.c. alcohol are added. The flask is 
connected with an invert cooler and the contents boiled for 5-10 
minutes, then 30-40 c.c. of water are added and the whole is heated 
to boiling. 

After cooling, the contents of the flask is brought into a separating- 
funnel ; the flask is washed out with a little 50$ alcohol and with 
50 c.c. petroleum ether (40°-7)°); both washings being added to the 
contents of the separating-funnel. The whole is then thoroughly 
shaken. The petroleum ether separates completely from the alco- 
holic soap-solution. The alcoholic soap-solution is run into a beaker 
or flask, and the ether is washed two or three times with 50^ alcohol, 
the washings being added to the soap-solution. The petroleum-ether 
solution is then run into a tared Erlenmeyer flask. The alcoholic 
soap-solution is again washed with separate portions of petroleum 
ether until* no stain is left on paper. As a rule three washings are 
enough. 

The petroleum ether is washed each time with 50$ alcohol as 
above. 

The united petroleum-ether extractions are distilled, bumping 
being prevented by the use of a platinum spiral (previously weighed 
for tare). The little petroleum ether left after distilling is removed 
by blowing hot air through the flask. In case the original oil con- 
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tains no easily volatile petroleum oil (which can almost always be told 
by the smell) instead of blowing hot air through the flask, the flask 
may be heated in an air-bath until a visible vapor begins to rise. 
The flask is then covered, cooled, and weighed. 

The substance in the flask = unsaponifiable matter. 

It is sometimes found that the separation is not rapid or well 
defined. If such is the case, the addition of a volume of water equal 
to the volume of the soap-solution often prevents the emulsion. 

(i) LIQUID UNSAPONIFIABLE MATTER. 
SPECIAL DETERMINATIONS AND TESTS. 

Mineral Oil. 

Mineral oils and resin oils are told by their fluorescence. Fluor- 
escence is also given by some fatty oils and oleins. Mineral oils are 
often deprived of fluorescence by the addition of nitrobenzol or 
nitronaphthalene. 

Mineral oil vs. tar oils. 
Difference told by the specific gravity. 

Nitric Acid Test. — Add nitric acid (specific gravity 1.45). 
Mineral oil + HNO t = slight rise in temperature. 
Tar oil + HNO, = decided rise in temperature. 

Detection of Nitronaphthalene in Mineral Oils* 
Leonard, J. S. C. I., 1894, p. 69. 

This is added to the mineral oil before adulterating an oil, in 
order to remove its fluorescence. 

Nitronaphthalene is reduced to naphthylamine. 

Gently warm a small quantity of oil with zinc dust and dilute 
hydrochloric acid, shaking from time to time. The faecal odor of 
a-naphthylamine should be here noted. Separate the aqueous acid 
layer after reduction is complete by means of a separating-funnel. 
This liquid is divided into two portions. 

Portion A. j , Ferric chloride = blue precipitate which changes to 

Neutralized with ammonia, j "* purple. 

Portion B. f Evaporate f Sodic nitrate 

Make alkaline with sodic J and dis- I , and acidu- 

carbonate and extract | solve in ] •" late with 

with ether. [ alcohol. [ acetic acid. 



Yellow color, chang- 
__ ing to crimson on 
~~ addition of hydro- 
chloric acid. 



Detection of Resin Oil in the Unsaponifiable Matter *. 
Liberate the free resin acids in the regular way by saponification 
with alcoholic potash and acidulation with mineral acid. (See Sep- 
aration of Fatty Acid.) 
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The resin acids separate in the form of brown viscid drops o£ 
characteristic odor. 

Detection of Resin Oils by Color. 

Liebertnann-Storch Reaction. J. S. C. /., 1888, p. ij6. 

Shake 1-2 c.c. of the oil with acetic anhydride, warming the 
while. Cool and pipette out the anhydride and add one drop of sul- 
phuric acid (specific gravity 1.53). Resin oil gives a violet color 
(fugitive), but can be seen if the solution is not too warm, and even in 
the following oils which give characteristic colors with the reaction : 



Oil and Fat. 


Color. 


Oil and Fat. 


Color. 


Olive 

Sesame 

Hemp-seed 

Linseed 

Cotton-seed 

Arachis 

Rape 


Light green 
Green-blue 

[■ Green 

Red-brown 
Green-yellow 


Castor 
Cocoanut 
Palm-nut 
Beef Tallow 
Bleached palm 
1 Bone-fat acids 
Whale Stearin 
Olein 


: 


Yellow 
- Brown-yellow 



Note that cholesterol gives this color reaction. 

Bur chard's Modification. Zeit. fiir Anal. Chem. 1892, p. po. 

Add a few drops of the oil to 2 c.c. chloroform and dissolve. 
Add 20 drops of acetic anhydride and one drop H,S0 4 (specific 
gravity 1.53). Violet-pink color. 

Note. — Cholesterol gives this color reaction. 

Renard's Color Test. 

Modified by Allen. Commercial Org. Anal. II. p. 463. 

To 1 c.c. of oil add one drop of stannic bromide = violet color. 

Stannic bromide is made by allowing dry bromine to fall drop by 
drop upon tin placed in a dry flask, which is kept cool. The product 
is dissolved in carbon bisulphide. 

Quantitative Determination of Resin Oils. — See Twitchell's Method 
for Determination of Resin (Chapter VIII). 

(2) SOLID UNSAPONIFIABLE MATTER. 
EXAMINATION AND DETECTION. 

Paraffin Wax in Mineral Oil. Pawlewski and Filetnonewicz Chem^ 

Soc. i88p. 

Shake the oil sample in 10 times its volume of glacial acetic acid, 
and filter on a weighed filter ; wash with glacial acetic acid and then 
with alcohol. Dry and weigh. 
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Solubility of paraffin wax in glacial acetic acid I : 1668. 
heavy mineral oils 1 : 25-60. 

Paraffin Wax in Candles. Donath, DingL Polytech. Jour. 208, p. 305. 

Saponify 6 grams of candle material with alcoholic potash, drive 
off the alcohol and dissolve the soap in hot water and add barium 
chloride solution. Wash the barium soap on a filter, dry at ioo° C, 
powder and extract the paraffin wax in a soxhlet with petroleum 
•ether. 

Quantitative Estimation of Paraffin, Cerasin, and Mineral Oils in 

Fats and Waxes. 
F. M. Horn, J. S. C. I., 1888, p. 696. 

Saponify the mixture, evaporate the mass to dryness, extract in a 
soxhlet with chloroform, which, unlike petroleum ether, does not dis- 
solve any of the soap. 

The solution in chloroform is then evaporated and the mineral oil 
weighed. 

In the case of a wax, the chloroform will also contain the higher 
alcohols; these can be separated by digestion with acetic anhydride, 
which converts them into acetates soluble in excess of reagent. Filter 
them from the paraffin in a hot filter, and wash the paraffin first with 
acetic anhydride and then hot water. As long as the filter-paper is 
kept wet, no paraffin passes through; when washed, it is dried with 
the filter, dissolved in chloroform or petroleum ether. The solution 
is evaporated to dryness and weighed. Glacial acetic acid may be 
substituted for acetic anhydride, but is less suitable, as the acetates 
may separate out unless the solution is kept hot. 

Quantitative Determination of Aliphatic Alcohols, 

THEORY. — Aliphatic alcohols + KOH = potash salt + H a . 
Method of C. Hell. Liebig s Annalen, 223.269. 
The oil, fat, or wax is heated to 300°-3io° C. with soda, lime, and 
the hydrogen gas evolved is collected and measured. 

Method of A. and P. Buisine. Monit. Scientif i8po, p. 112J. 

This is simply a modification of Hell's method, because it was 
found that soda lime alone did not give the required accuracy for the 
process. 

The oil, fat, or wax is first mixed with an equal weight of caustic 
potash and is powdered and mixed with three parts of soda lime 
{iKOH:2CaO). The heating is done in a strong flask and in an 
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enclosed bath of a liquid boiling above 250 C. The hydrogen gaa 
is collected in a suitable gas-apparatus and measured at o° C. 760 mm, 
pressure. All the gas should be given off after 2 hours' heating at 
250 C. 

Color Reactions for Cholesterol. — Isocholesterol and PhytosteroL 

(1) Schulze's Reaction. — Cholesterol and Isocholesterol.— -Heat 
a very small amount of cholesterol with a few drops of cone. HNO t 
to dryness in porcelain = yellow stain. Add a little NH 4 OH to 
stain = yellow-red tint. 

(2) SCHULZE'S REACTION. — Cholesterol, Isocholesterol, also Tur~ 
pentine and Camphor. — Mix a little cholesterol with a drop of 

(3 pt HC1 cone. -f 1 pt io# FeCl e ). 

Evaporate to dryness = violet-red color, changing to blue. 

(3) Liebermann-Storch Reaction with Buchard's Modifi- 
CATION. — Cholesterol and Resin Oil. (See tests given for resin oil.) 

Quantitative Estimation of Cholesterol and Isocholesterol. 

Method of Lewkowitsch. J. S. C. I., 1892, p. ijj. 

Theory. — (i) Alcohols form ethers. 

(2) Unsaturated compounds form iodine saturation compounds. 
Cholesterol as acetate has saponification value 137.4, 132.4 

(theoretical C M H„O.C,H f O = 135.5). 

Cholesterol has iodine value = 68.9, 67.3 

(theoretical C ae H 44 OI, = 68.3). 

METHODS. — (i) Saponification of the Acetate. — Charge 1.5-2 
grams. Boil with \\ times its weight of acetic anhydride in a flask 
with inverted condenser = CmH^O.CjjHjO precipitate. 

Wash this precipitate on filter with warm water free of acid, and 
boil the precipitate (after washing) with alcoholic potash. Titrate 
back the excess of KOH. 

(2) Iodine Value of the Alcohol. — Charge 0.5 gram. Dissolve the 
cholesterol in 50 c.c. chloroform and add 25 c.c. of an iodine solution 
and 25 c.c. of a mercuric bichloride solution. Titrate back the 
iodine with sodic thiosulphate. 

These two methods are for pure cholesterol and isocholesterol, 
and at present are more a suggestion for future work than of practical 
value in mixed-oil work. 
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Method of Bomer. C. G. Hopkins, Jour. Amer. Chetn. Soc. iSpS 

P> 954- 
Saponify 50 grams of the oil with 20 grams KOH and 1000 c.c. 
70^ alcohol on a steam-bath. Transfer the soap to a separating-fun- 
nel with 200 c.c. of water, and shake out, first, with 500 c.c. ether, 
and, next, three portions of 250 c.c. ether. Distil off the ether and 
resaponify the residue with 2.0 grams KOH and 10 c.c. 70^ alcohol. 
Transfer to separating-funnel with 20 c.c. water and shake out with 
100 c.c. ether. Wash the ether solution four times with 10 c.c. water 
and transfer to weighed flask. Distil off the ether and weigh. 
Weight = cholesterol. Recrystallize from absolute alcohol and weigh. 
Cholesterol should give glistening plates which melt at 137-137. 5° C. 



CHAPTER VIII. 

LACTONES— RESIN— GLYCEROL. 

DETECTION AND ESTIMATION OF LACTONES. 
Benedikt, J. S. C. I. f 1890, p. 658. 

LACTONES are saponifiable, but hard to saponify ; therefore they 
are liable to be mistaken for unsaponifiable matter. For this reason 
the author considers them in this place. 

In alizarin assistant and stearin from oleic acid quite large 
quantities of this inner anhydride of ^-hydroxystearic acid (stearo- 
lactone) are to be found. 

The oil is taken and the fatty acids separated by saponification 
with alcoholic potash and liberation with mineral acid. Of these 
fatty acids the acid value and saponification should be the same. If 
lactones are present there will be an ether value, which corresponds 
to the lactone. Fatty acids containing lactones contain a definite 
ether value, and, if the molecular weight is known, the lactone can be 
calculated. 

The ether value of pure stearolactone = 198.9, and if the data 
become sapon. value 190 and acid value 140, 

100 X 50 

= 25.13^ stearolactone. 

198.9 * J 

RESINS. 

Resins constitute a class of vegetable or sometimes animal prod- 
ucts which are solid or semi-solid. 

They are insoluble in water, but soluble in alcohol, ether, and 
volatile oils. 

We shall here treat of the more important resin, called colophony. 

COLOPHONY — COMMON RESIN — ROSIN. 

Colophony is the residue which remains after the volatile oil has 
been removed by distillation from the oleoresins, the crude turpen- 
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tines which exude from various species of coniferae. It varies 
according to its derivation and method of production. 

Browner-colored resins are the American, from Pinus Australis. 
Lighter-colored resins are the Landes and Gironde, from Pinus 
Pinaster. 

" White" resin of commerce owes its light yellow color to a 
slight opacity, due to the presence of small quantities of water. 
Colophony is brittle, solid, with glassy fracture; 
formula C 44 H M 4 ; 
faint odor of turpentine ; 
tasteless ; 

specific gravity about 1.07; 
solubility: insoluble in water; 

soluble in ether, chloroform, acetane, ben- 
zol, volatile oils, fixed oils, alcohol at 
6o° C, glacial acetic acid at 6o° C. ; 
soluble in alkalies, forming resin soaps; 
softens at 8o° C, melts ioo° C.-135 C. ; 
distils in current of steam without change ; 
consists essentially of abietic anhydride (Maly & 
Fliickiger) (crystalline C 44 H 64 $ ). 
Colophony is largely used as an adulterant. 

DETECTION OF RESIN IN OILS, FATS, AND WAXES. 

(1) Characteristic odor of itself and free fatty acid. 

(2) Characteristic taste of itself. 

(3) Resin raises specific gravity of an oil. 

(4) Barford's Test. — Warm sample with dilute alcoholic solution 
of soda crystals [1:3 water : 7 alcohol (30^)], which dissolves the 
resin only. Add water, which precipitates out the resin. 

(5) Rodiger Test {Chem. Zeit. 5, p. 498). — Boil 100 grams of oil 
with 7-8 grams of K^CO, and 80-100 c.c. water for fifteen minutes. 
Cool to 50 C. and shake with petroleum ether. The resin soap in 
aqueous solution is drawn off and diluted with hot water. Add 
excess of salt and acidulate = resin as oily layer. 

(6) Liebermann-Storch Reaction. — As given under the tests for 
Resin Oils (Chapter VII). The resin must be saponified with alco- 
holic potash and the resin acids liberated. 
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QUANTITATIVE DETERMINATION OF RESIN. 
TwitchelV s Method. J. S. C. /., iSpi, ft. 804. 

SEPARATION OF RESIN FROM FATTY ACIDS. 

Theory. — 

Fatty acids in absolute alcohol -|- HC1 (gas) = ethyl ethers of 
fatty acids ; 

Resin acids in absolute alcohol + HC1 (gas) = no change; also 

All fatty acids combine to form ethers, which are neutral in 
alcoholic solutions and are unacted upon by alkali. 

Resin Acid is unacted upon and is acid in alcoholic solution, and 
forms a soluble soap with alkali. 

For these reactions to take place the temperature must be cold. 

METHOD. — (1) Gravimetric. 2—3 grams of a mixture of fatty 
acids and resin are dissolved in 10 times their volume of absolute 
alcohol in a flask, and dry hydrochloric acid gas passed through in a 
moderate stream. 

The flask is immersed in water to keep it cool. 

After the gas has been passed in for about 45 minutes, the ethers 
begin to separate, floating on the surface of the liquid. As soon as 
the hydrochloric acid fails to be absorbed, the flask is removed and 
allowed to stand a half hour longer to ensure the complete combina- 
tion of the alcohol and fatty acid. 

It is diluted with about 5 times its volume of water and boiled 
until the acid-solution is clear, the ethers, with resin in solution, 
floating on top. To this is added some naphtha (74 ) and the whole 
transferred to a separating-funnel, the flask being washed out with 
naphtha (74 ). 

The acid-solution is then run off and the naphtha-solution (which 
should measure about 50 c.c.) is washed once with water and then 
treated in the funnel with a solution of 0.5 grams KOH and 5 c.c. 
alcohol in 50 c.c. of water and agitated. 

The resin is immediately saponified and the two layers separate. 
The solution of resin soap is run off and treated with acid. The 
resin is collected, dried, and weighed. 

Method. — (2) Volumetric. The first steps of the volumetric 
method are the same as the gravimetric, excepting that the contents 
of the flask are washed out with ether instead of naphtha, and the 
ether-solution in the funnel is thoroughly washed with water until the 
wash-water is no longer acid. 50 c.c. of alcohol (previously neutral- 
ized) are then added and the solution is titrated with standard caustic, 
using phenolphthalein as indicator. 
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The combining equivalent of resin is 346, i.e., the weight of resin 

N 
neutralized by 1 c.c. — NaOH = 0.346 grams. 

From this data the percentage of resin found by titration can be 
estimated. 

Note. — Unsaponifiable matter in the fat does not affect the 
process, but can be determined by the volumetric method in one oper- 
ation, as follows: 2 grams of the fatty mixture are titrated with 
normal caustic soda and saturate a c.c. 2 grams are treated with 
hydrochloric gas and the above process followed, then filtered, and 
are found to saturate b c.c. Then 

b X 0.346 = weight of resin, 
(a — b) X 0.275 = weight of fatty acid, 
(275 taken as combining weight of fatty acids.) 
100 — the combined weights = unsaponifiable matter. 

Volumetric method is the more rapid and accurate, although liable 
to give a trifle too high results. 

Wilson's Modification. J. S. C. I., 1891, p. 952. 

This modification is given as a means of shortening the volumetric 
process. 

Leave out the washing, and dissolve in alcohol direct. With 
methyl orange as an indicator, titrate with normal alkali ; then add 
phenolphthalein as indicator and titrate to pink color. The alkali 
required in the first place is for the neutralization of the HC1, and is 
therefore neglected. The second titration is calculated to resin. 

GLYCEROL. 

The amount of glycerol, the base of the fatty acid glycerides of 
all oils and fats, is often desired, and for this determination the 
following method is given : 

Quantitative Determination , Acetin Method. 
Theory. — Glycerol + Acetic Anhydride =«„ ,Z~ „ q\ 

This method must be divided into steps: 

(1) Acetin Method for Oils and Fats, Lewkowitsch, J. S. C. I., 
1889, p. 574. 

(2) Acetin Method for Crude Glycerol, Benedikt & Cantor, 
J. S. C. I., 1888, p. 696. 

(1) Oils and Fats. — Saponify the fat and liberate the fatty acids 
by means of sulphuric acid ; separate out the fatty acids, and the 
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filtrate from them is treated with barium carbonate. Evaporate 
nearly to dryness, extract with ether-alcohol, and evaporate the solu- 
tion thus obtained first by a gentle heat and then in a dessicator* 
leaving the crude glycerol. 

(2) Crude Glycerol. — The crude glycerol is heated with 7-8 
grams of acetic anhydride and about 3 grams anhydrous sodium ace- 
tate for i-i£ hours with inverted condenser. Cool, add 50 c.c. water, 
and again heat (still with the condenser, as glyceryl triacetate is vola- 
tile in a current of steam) until it begins to boil. 

When the oily deposit at the bottom of the flask is dissolved, the 
liquid is filtered from a white flocculent precipitate (which contains 
most of the impurities of the crude glycerol). Allow the liquid to 
cool, add phenolphthalein as indicator, and run in dilute caustic soda 
(20: 1000) until the liquid is exactly neutral. Care must be taken 
that the neutrality point is not exceeded, as glyceryl triacetate is 
easily saponified. 

Twenty-five c.c. of a known strength solution of caustic soda (1 : 10) 

are now added from a burette. Heat the mixture 15 minutes and 

N 
titrate back the excess of alkali with — hydrochloric acid. From the 

amount of alkali required to saponify the glyceryl triacetate is calcu* 
lated the glycerol. 
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Acetic acid, general properties, 46, 47 

Acetin method, 64 

Acetyl value constants, 38, 44 

method, 37 
Acid, fatty, see Fatty acid 
Acid value, 32 
Adulteration of oils and fats, 2-7, 14-16 

of waxes, 8-9, 14-16 
Alcohol, aliphatic, see Aliphatic 
Aliphatic alcohols, classification, 52 
gen. prop., 54, 55 
quant, determ., 58 
Almond oil, classification, 5 
constants, 39, 41 
solubility, n 
Analysis, chemical tests.. 22 
physical tests, 18 
quantitative determination, 29 
Apricot-kernel oil, classification, 5 
constants, 39, 41 
solubility, 11-13 
Arachidic acid, general properties, 46, 47 

test, 50 
Arachis oil, as adulterant, 15 
adulteration of, 15 
constants, 38, No. 11,39, 4*» 

44 
general properties, 4, 5 
Renard's test, 50 
solubility, n-13 
Arctic sperm oil, see Sperm 

Baudouin test, 28 

Becchi test, 27 

Beechnut oil, classification, 3 

constants, 39, 41 
Beef marrow, constants, 38, No. V, 39, 41 

general properties, 6, 7 

solubility, 11-13 



Beef tallow, as adulterant, 16" 
* adulteration of, 16 

constants, 38, No. V, 39,41, 

43 
general properties, 6, 7 
solubility, 11-13 
Beeswax, as adulterant, 17 
adulteration of, 17 
constants, 38, No. VI, 39, 41 
general properties, 8, 9 
solubility, 11-13 
Behenic acid, general properties, 46, 47 
Ben oil, classification, 5 
Blackfish oil, see Dolphin 
Black-mustard oil, classification, 3 

constants, 39, 41 
Blown oil, 52 

Bone fat, constants, 38, No. V, 39, 41 
general properties, 6, 7 
solubility, n-13 
Borneo tallow, classification, 7 
Brazilnut oil, classification, 3 

constants, 39, 41 
Buchard test, 57 
Buisine method, 58 
Butter fat, adulteration of, 17 

constants, 38, No. V, 39, 41, 

43. 44 
general properties, 6, 7 
solubility, 11-13 
Butyric acid, general properties, 46, 47 

Cacao butter, see Cocoa 
Cameline oil, classification, 3 
constants, 39, 41 
Candlenut oil, classification, 3 

constants, 41 
Capric acid, general properties, 46, 47 
Caproic acid, general properties, 46, 47 
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Caprylic acid, general properties, 46, 47 

Carapa oil, classification, 7 
constants, 39, 41 

Carnattba wax, as adulterant, 17 
adulteration of, 17 
constants, 38, No. VI, 39, 

4i 
general properties, 8, 9 
solubility, n-13 
Carnaiibic acid, general properties, 46, 47 
Castor oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. II, 39, 41, 

43. 44 
general properties, 4, 5 
solubility, 11-13 
Cerasin, classification, 52 

general properties, 54, 55 
quantitative determination, 58 
Cerotic acid, general properties, 46, 47 
Ceryl alcohol, 54, 55 
Cetin, see Spermaceti 
Cetyl alcohol, general properties, 54, 55 
Characteristic tests 

for oils, fats, and waxes, 2-9 
for unsaponifiable matter, 54, 55 
Chalmoogra oil, classification, 7 
Cherry-kernel oil, classification, 5 

constants, 41 
Cherry-laurel oil, classification, 5 

constants, 39, 41 
Chinese wax, see Insect wax 
Cholesterol, general properties, 54, 55 
tests, 59 

quant, determ., 59 
Classification of oils, etc., 2-7, 10 

of waxes, 8, 9 
Coal-tar oils, classification; 52 
detection, 56, 57 
general properties, 54, 55 
Cocoa butter, adulteration of, 16 

constants, 38, No. IV, 39, 

4i. 43 
general properties, 6, 7 
solubility, 11-13 
Cocoanut oil, as adulterant, 16 

constants, 38, No. IV, 39, 

4i , 43, 44 
general properties, 6, 7 
solubility, 11-13 
Cod-liver oil, as adulterant, 15 
adulteration of, 15 
constants, 38, No. II, 39, 

41, 43 • 
general properties, 4, 5 



Cod-liver oil, solubility, n-13 

Coffee-berry oil, classification, 5 

Colophony, 61 

Color tests, 27 

Colza oil, see Rape 

Constants of oils, fats, and waxes, by 
groups, 38, Nos. I-VI 

Constants of oils, fats, and waxes, by 
value, 39-44 

Corn oil, see Maize 

Cotton-seed oil, as adulterant, 14 
adulteration of, 14 
Becchi test, 27 
constants, 38, No. I, 39,. 

4i. 43, 44 
solubility, n-13 
Cotton-seed stearin, as adulterant, 16 

constants, 38, No. Ill, 

39. 4i 
gen. prop., 6, 7 
solubility, n-13 
Crab-wood oil, classification, 7 
Croton oil, adulteration of, 14 

constants, 38, No. II, 39, 41, 

43, 44 

general properties, 2, 3 

solubility, n-13 
Curcas oil, classification, 3 

constants, 39, 41, 43, 44 
Cylinder oils, 52 

Dalician method, 48 

Dika oil, classification, 7 

Dolphin oil, as adulterant, 15 
adulteration of, 15 
constants, 38, No. Ill, 39, 

4i. 43, 44 
general properties, 4, 5 
solubility, n-13 

Elaemagaric acid, gen. prop., 46, 47 ^ 

Elaldin test, 24 

Erucic acid, general properties, 46, 47 

Esters in waxes, 8, 9 

Ethal, general properties, 54, 55 

Ether value, 34 

Fat, fixed, definition, 1 

Fatty acids in oils, 2-7, 10 

description of, 45 ' 

general properties, 46, 47 
mean molecular weight, 49 
quantitative analysis. 48 
separation for determ., 45 
solidifying-point determ., 48 
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Fatty acids, free-value method, 32 

method of analysis, 32-37 
mixed constants, 38, Nos. I- 

VI, 39. 4i 
total determination, 48 

Firseed oil, classification, 3 
constants, 41 

Fixed fat, definition, 1 

Fixed oil, definition, 1 

Free fatty acids, see Fatty acids 

Furfuraldehyde test, 28 

Galam butter, classification, 7 
Garden-cress oil, classification, 3 
Garden-rocket oil, classification, 3 
General properties 

of oils, fats, and waxes, 2-9 
of fatty acids, 46, 47 
of unsaponifiable matter, 54, 55 
German sesame oil, see Cameline 
Gingili oil, see Sesame 
Gintl picnometer, 18 
Glyceride, definition, 1 

composing oils and fats, 2-7 
Glycerol, quantitative determination, 64 
Goose fat as adulterant, 16 

constants, 38, No. V, 39, 41, 44 
general properties, 6, 7 
solubility, 11-13 
Grapeseed oil, classification, 3 

constants, 39, 41, 43. 44 

Hazel-nut oil, classification, 5 

constants, 39, 41 
Hedge mustard oil, classification, 3 

constants, 39, 41 
Hehner value, constants, 38, Nos. I-VI,44 

method, 36 
Hell's method, 58 
Hempseed oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. I, 39, 

4i. 44 
general properties, 2, 3, 
solubility, 11-13 
Honig and Spitz method, 53 
Horse fat, as adulterant, 16 

constants, 38, No. V, 39, 41, 43 
general properties, 6, 7 
solubility, 11-13 
Horse-foot oil, as adulterant, 15 

constants, 38, No. Ill, 39 

4i 
general properties, 4, 5 
solubility, 11-13 



Hiibl value, see Iodine value 

Hydrometers, 18 

Hypogaeicacid, general properties, .46, 47 

Insect wax, as adulterant, 17 

constants, 38, No. VI, 39, 41 
general properties, 8, 9 
solubility, 11-13 
Insoluble fatty acid method, 36 
Iodine value constants, 38, Nos. I-VI, 41 
Isobulylactic acid, gen. prop., 46, 47 
Isocholesterol, general properties, 54, 55 
tests, etc., see Cholesterol 
Isoceryl alcohol, gen. prop., 54, 55 
Isorinoleic acid, gen. prop., 46, 47 
Isovaleric acid, gen. prop., 46, 47 

Jambo oil, classification, 3 

constants, 39, 41 
Japan wax, as adulterant, 16 

constants, 38, No. IV, 39, 41 
general properties, 6, 7 
solubility, 11-13 
Japanese sardine oil 
classification, 5 
constants, 38, No. II, 39, 41 
Japanese-wood oil, classification, 3 

constants, 39 
Jecoric acid, general properties, 46, 47 

Kapok oil, classification, 3 

constants, 41 
KCttslorfer value, method, 33 

Lactone, classification, 52 

detection and determ., 61 
Lallemantia oil, classification, 3 

constants, 39, 41, 43, 44. 
Lanoline, see Wool fat 

iodine value, 42 
Lard, as adulterant, 16 
adulteration of, 16 
constants, 38, No. V, 39, 41, 43, 44 
general properties, 6, 7 
solubility, 11-13 
Lard oil, as adulterant, 15 

constants, 38, No. Ill, 39, 41 
Laurel oil, classification, 7 

constants, 39, 41 
Laurie acid, general properties, 46, 47 
Liebermann-Storch reaction, 57 
Lignoceric acid, general properties, 46, 47 
Linoleic acid general properties, 46, 47 
Linolic acid, general properties, 46, 47 
Linseed oil, as adulterant, 14 
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Linseed oil, adulteration of, 14 

constants, 38, No. I, 39, 41, 

43,44 
general properties, 2, 3 
solubility, n-13 
Livache test, 25 

Macassar oil, classification, 7 
Madia oil, classification, 3 

constants, 41 
Mafura tallow, classification, 7 
Mahwah butter, see Mowrah-seed oil 
Maize oil, as adulterant, 14 

constants, 38, No. I, 39, 41, 

43. 44 

general properties, 2, 3 

solubility, 11-13 
Malabar tallow, classification, 7 
Marrow beef, see Beef 
Maumene test, 22 
Mean molecular weight, 49 
Melissic acid, general properties, 46, 47 
Melissyl alcohol, gen. prop., 54, 55 
Melting-point methods, 19 
Menhaden oil, as adulterant, 15 

constants, 38, No. II, 39, 

4i, 43 
general properties, 4, 5 
solubility, 11-13 
Mineral acid, value method, 33 
Mineral oil, classification, 52 
detection, 56 
determination, 53, 58 
general properties, 54, 55 
Mohn-Westphal balance, 18 
Moisture determination, 30 
Molecular weight (mean), 49 
Mowrah-seed oil, classification, 7 

constants, 39, 41 
Mustard oil, black, see Black 
hedge, see Hedge 
white, see White 
Mutton tallow, as adulterant, 17 

constants, 38,No.V, 39, 41 
general properties, 6, 7 
solubility, n-13 
Myricyl alcohol, general properties, 54, 55 
Myristic acid, general properties, 46, 47 
Myrtle wax, constants, 38, No. IV, 39, 41 
general properties, 6, 7 
solubility, 11-13 

Neat's-foot oil, adulteration of, 15 

constants, 38, No. Ill, 39, 

41 



Neat's-foot oil, general properties, 4, 5 
solubility, 11-13 

Niger-seed oil, classification, 3 

constants, 39, 41, 43 

Nitronaphthalene detection, 56 

Numbers for oils, fats, and waxes, see 
Constants 

Nutmeg butter, classification, 7 
constants, 39, 41 

Oba oil, classification, 7 

Oelodecyl alcohol, gen. prop., 54, 55 

Oil, fixed, definition, 1 

Oleic acid, .general properties, 46, 47 

tests, 24 
Oleomargarineaconstants, 35-37 
Olive oil, as adulterant, 15 

adulteration of, 15 

constants, 38, No. II, 39, 41, 

43,44 
general properties, 45 
solubility, 11-13 
Olive-kernel oil, constants, 38, No. II, 39, 

4i. 44 
general properties, 4, 5 
solubility, 11-13 
Oxygen test, 25 

Palmitic acid, general properties, 46, 47 
Palm oil, as adulturant, 16 

•constants, 38, No. IV, 39,41, 43 
general properties, 6, 7 
solubility, n-13 
Palm-nut oil, as adulterant, 16 

constants, 38, No. IV, 39, 

4i. 43, 44 
general properties, 6, 7 
solubility, n-13 

Paraffin wax, classification, 52 

general properties, 54, 55 
detection in mineral oil, 57 
detection in candles, 58 
quant, determ., 53, 58 

Peach-kernel oil, classification, 5 

constants, 39, 41, 44 

Physetoleic acid, general properties, 46,. 

47 
Phytosterol, general properties, 54, 5s 

tests, etc., 59 
Picnometer, 18 
Piney tallow, classification, 7 
Pistachio oil, classification, 5 
Plum-kernel oil, classification, 5 

constants, 39, 41 
Pohl method, 19 
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Poppy-seed oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. I, 39, 

41. 44 
general properties, 2, 3 
solubility, 11-13 
Porpoise oil, as adulterant, 15 

constants, 38, No. Ill, 39, 

41 43 

general properties, 4, 5 

solubility, 11-13 
Poutet test, 24 

Pumpkin-seed oil, classification, 3 
Purification of sample, 29 

Quantitative analysis of oils, fats, and 

waxes, 29 
Quantitative analysis of fatty acids, 48 

Radish-seed oil, classification, 3 
Rape-seed oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. II, 39, 

4i, 43, 44 
general properties, 2, 3 
solubility, 11-13 
Rapic acid, general properties, 46, 47 
Reichert-Meissl value, 

constants, 38, Nos. I-VI, 43 
method, 35 
Renard test, 50, 57 
Resin, classification, 52 
description, 61 
detection, 62 
determination, 63 
Resin oil, classification, 52 

detection and determination, 

56,63 
general properties, 54, 55 
Rice oil, classification, 5 

constants, 41 
Rise in temperature, test, 22 
Ricinoleic acid, general properties, 46, 47 
Rosin, see Resin 

Sanguinella oil, classification, 5 
Saponification, definition, 52 
Saponification, equivalent, 34 
Saponification value, 

constants, 38, Nos. I-VI, 39 
method, 33 
Sardine oil, as adulterant, 15 
adulteration of, 15 
constants, 38, No. II, 41 
general properties, 4, 5 



Sardine oil, solubility, 11-13 
Sardine, Japanese, oil, see Japanese 
Sawani fat, classification, 7 
Schulze reaction, 59 
Seal oil, as adulterant, 15 

constants, 38, No. Ill, 39, 41, 43, 

44 
general properties, 4, 5 
solubility, 11-13 
Sesame oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. I, 39, 41, 

43.44 
general properties, 2, 3 
solubility, 11-13 
tests, 28 
Sesame, German, oil, see Cameline 
Shea butter, classification, 7 

constants, 41 
Sheep's-foot oil, as adulterant, 15 

constants, 38, No. Ill, 

39.41 
general properties, 4, $ 
solubility, 11-13 
Silver titrate test, 27 
Soja-bean oil, classification, 3 * 

constants, 41 
Solidifying point method for oils, 19 

fatty acids, 
48 
Solubility of oils, fats, and waxes, 11-13 
Specific gravity, methods, 18 
Specific temperature, reaction method, 22 
Sperm oil, a wax, 10 

adulteration of, 17 
constants, 38, No. VI, 39, 41, 

43 
general properties, 8, 9 
solubility, 11-13 
Sperm, Arctic, oil, as adulterant, 17 

constants, 38, No. VJ, 

39.41,43 
general properties, 8, 9 
solubility, 11-13 
Spermaceti, adulteration of, 17 

constants, 38, No. VI, 39, 41 
general properties, 8, 9 
solubility, 11-13 
Sprengel's U tube, 18 
Stearic acid, general properties, 46, 47 
Sulphur chloride, test, 26 
Sunflower oil, classification, 3 
constants, 39, 41 

Table of adulterants, 14-16 
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Table of constants, 38-44 

fatty acids, 46, 47 

general properties, 2-9 

solubility, 11-13 

unsaponifiable matter, 54, 55 
Tallow, beef, see Beef 
Tallow, mutton, see Mutton 
Tallow oil, as adulterant, 15 

constants, 38, No. Ill, 39, 41 
general properties, 4, 5 
solubility, 11-13 
Tar oil, see Coal tar 
Tea-seed oil, classification, 5 

constants, 39, 41, 44 
Teel oil, see Sesame 
Tests, characteristic, 2-9 
Tiglic acid, general properties, 46, 47 
Titer test, 48 

Tobacco-seed oil, classification, 3 
Tocher test, 28 
Total acid value, method, 33 
Twitchell's method, 63 

Ucuhuba fat, classification, 7 

Umbelluric acid, general properties, 46,47 

Unguadia oil, classification, 5 

Unsaponifiable matter, 52 

detection, 53 
determination, 53 
general properties, 54, 55 
liquid detection, etc., 56 
solid detection, etc., 57 



Value of oils, fats, and waxes, see Con- 
stants 
Vegetable tallow, constants, 38, No. IV, 
39. 4i 
general properties, 6, 7 
solubility, 11-13 
Villavecchia and Fabris test, 28 
Viscosity methods, 28 
Volatile fatty method, 35 

Walnut oil, as adulterant, 14 
adulteration of, 14 
constants, 38, No. I, 39, 41, 

43. 44 

general properties, 2, 3 

solubility, n-13 
Warren test, 26 
Waxes, classification, 8, 9, 52 

definition, 10 
Weighing of sample, 29 
Weld-seed oil, classification, 3 
Whale oil, as adulterant, 15 

adulteration of, 15 

constants, 38, No. Ill, 39, 41, 

43. 44 
general properties, 4, 5 
solubility, 11-13 
White-mustard oil, classification, 3 
constants, 39, 41 
Wool fat, constants, 38, No. VI, 39, 41 
general properties, 8, 9 
solubility, 11-13 
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AGRICULTURE. 

Cattle Feeding— Dairy Practice — Diseases of Animals- 
Gardening, Horticulture, Etc. 

Armsby's Manual of Cattle Feeding 12mo, $1 75 

Downing's Fruit and Fruit Trees 8vo, 5 00 

Grotenfelt's The Principles of Modern Dairy Practice. (Woll.) 

12mo, 2 00 

Kemp's Landscape Gardening 12mo, 2 50 

Maynard's Landscape Gardening 12mo, 1 50 

Steel's Treatise on the Diseases of the Dog .' 8vo, 3 50 

" Treatise on the Diseases of the Ox 8vo, 6 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

Woll's Handbook for Farmers and Dairymen 12mo, 1 50 

ARCHITECTURE. 

Building — Carpentry— Stairs— Ventilation — Law, Etc. 

Birkmire's American Theatres— Planning and Construction. 8vo, 3 00 

" Architectural Iron and Steel ...8vo, 3 50 

" Compound Riveted Girders 8vo, 2 00 

" Skeleton Construction in Buildings 8vo, 3 00 
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BOTANY. 

Gardening for Ladies, Etc. 

Baldwin's Orchids of New England Small 8vo, $1 50 

Thome's Structural Botany 16mo, 2 25 

Westermaier's General Botany. (Schneider.) 8vo, 2 00 

BRIDGES, ROOFS, Etc. 

Cantilever — Draw— Highway— Suspension. 

(See also Engineering, p. 7.) 

Boiler's Highway Bridges Svo, 2 00 

* " The Thames River Bridge 4to, paper, 5 00 

Burr's Stresses in Bridges. 8vo, 3 50 

Crehore's Mechanics of the Girder 8vo, 5 00 

Dredge's Thames Bridges. 7 parts, per part, 1 25 

Du Bois's Stresses in Framed Structures Small 4to, 10 00 

Foster's Wooden Trestle Bridges 4to, 5 00 

Greene's Arches in Wood, etc 8vo, 2 50 

Bridge Trusses 8vo, 2 50 

" Roof Trusses 8vo, 125 

Howe's Treatise on Arches 8vo, 4 00 

Johnson's Modern Framed Structures Small 4to, 10 00 

Merriman & Jacoby's Text-book of Roofs and Bridges. - 

Part I., Stresses 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part II.. Graphic Statics 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part III., Bridge Design Svo, 2 50 

Merriman & Jacoby's Text- book of Roofs and Bridges. 

Part IV., Continuous, Draw, Cantilever, Suspension, and 

Arched Bridges 8vo, 2 50 

* Morison's The Memphis Bridge Oblong 4to, 10 00 

Waddell's Iron Highway Bridges 8vo, 4 00 

" De Pontibus (a Pocket-book for Bridge Eugiueers). 

16mo, morocco, 8 00 

" Specifications for Steel Bridges (In press.) 

Wood's Construction of Bridges and Roofs Svo, 2 00 

Wright's Designing of Draw Spans. Parts I. aud II.. Svo, each 2 50 

" " " " " Complete Svo, 3 50 
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CHEMISTRY— BIOLOGY-PHARMACY— SANITARY SCIENCE. 

Qualitative — Quantitative— Organic — Inorganic, Etc. 

Adriance's Laboratory Calculations 12mo, $1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Austeu's Notes for Chemical Students 12mo, 1 50 

Bolton's Student's Guide in Quantitative Analysis 8vo, 1 50 

Boltwood's Elementary Electro Chemistry (In the press.) 

Classen's Analysis by Electrolysis. (HerrickandBoltwood.).8vo, 3 00 

Cobn's Indicators and Test-papers 12mo 2 00. 

Crafts's Qualitative Analysis. (Schaeffer.) 12mo, 1 50 

Davenport's Statistical Methods with Special Reference to Bio- 
logical Variations 12mo, morocco, 1 25 

Drechsel's Chemical Reactions. •(Merrill.) 12mo, 1 25 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) 

12mo, 1 25 

Fresenius's Quantitative Chemical Analysis. (Allen.) 8vo, 6 00 

Qualitative " " (Johnson.) 8vo, 3 00 

(Wells.) Trans. 

16th German Edition 8vo, 5 00 

Fuertes's Water and Public Health 12mo, 1 50 

Gill's Gas and Fuel Analysis 12mo, 1 25 

Hammarsten's Physiological Chemistry. (Maudel.) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan). 12mo, 1 50 

Hopkins' Oil-Chemist's Hand-book 8vo, 3 00 

Ladd's Quantitative Chemical Analysis 12mo, 1 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

LOb's Electrolysis and Electrosyu thesis of Organic Compounds. 

(Lorenz.) 12mo, 1 00 

Mf.ndel's Bio-chemical Laboratory 12mo, 1 50 

Mason's Water-supply 8vo, 5 0G 

" Examination of Water 12mo, 1 25 

Meyer's Radicles in Carbon Compounds. (Tingle. ) 12mo, 1 00 

Mixter's Elementary Text-book of Chemistry 12mo, 1 50 

Morgan's The Theory of Solutions and its Results 12mo, 1 00 

1 ' Elements of Physical Chemistry 12mo, 2 00 

Nichols's Water-supply (Chemical and Sanitary) 8vo, 2 50 

O'Brine's Laboratory Guide to Chemical Analysis '. . .8vo, 2 00 

Pinner's Organic Chemistry. (Austen.). '. 12mo, 1 50 

5 



Black's U. S. Public Works Oblong 4to, 

Brooks's Street-railway Location 16mo, morocco, 

Butts's Civil Engineers' Field Book 16mo, morocco, 

Byrne's Highway Construction 8vo, 

" Inspection of Materials and Workmanship 16mo, 

Carpenter's Experimental Engineering 8vo, 

Church's Mechanics of Engineering — Solids and Fluids 8vo, 

" Notes and Examples in Mechanics 8vo, 

Crandall's Earthwork Tables 8vo, 

The Transition Curve 16mo, morocco, 

♦Dredge's Penn. Railroad Construction, etc. Large 4to, 

half morocco, 

* Drinker's Tunnelling 4to, half morocco, 

Eissler's Explosives — Nitroglycerine and Dynamite 8vo, 

Frizell's Water Power (In press.) 

Folwell's Sewerage 8vo, 

" Water-supply Engineering 8vo, 

Fowler's Coffer-dam Process for Piers 8vo. 

Gerhard's Sanitary Ilouse Inspection 12mo, 

Godwin's Railroad Engineer's Field-book 16mo, morocco, 

Gore's Elements of Geodesy 8vo, 

Howard's Transition Curve Field-book 16mo, morocco, 

Howe's Retaining Walls (New Edition.) 12mo, 

Hudson's Excavation Tables. Vol. II , 8vo, 

Hutton's Mechauical Engineering of Power Plants 8vo, 

" Heat and Heat Engines 8vo, 

Johnson's Materials of Construction Large 8vo, 

" Theory and Practice of Surveying Small 8vo, 

Kent's Mechanical Engineer's Pocket-book 16mo, morocco, 

Kiersted's Sewage Disposal 12m o, 

Mahan's Civil Engineering. (Wood.) 8vo, 

Merriman and Brook's Handbook for Surveyors lGuio, mor., 

Merriman's Precise Surveying and Geodesy 8vo, 

" Sanitary Engineering 8vo, 

Nagle's Manual for Railroad Engineers. ...... ,16mo, morocco, 

Ogden's Sewer Design , 12mo, 

Patton's Civil Engineering 8vo, half morocco, 

Patton's Foundations 8vo, 

Philbrick's Field Manual for Engineers {In press.) 

Pratt and Alden's Street-railway Road-beds 8vo, 

Rockwell's Roads and Pavements in France 12mo, 

Searlcs's Field Engineering « 16mo, morocco, 

" Railroad Spiral 16mo, morocco. 

Siebert and Biggin's Modern Stone Cutting and Masonry. . .8vo, 

Smart's Engineering Laboratory Practice 12mo, 

Smith's Wire Manufacture and Uses Small 4to, 
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Spalding's Roads and Pavements 12mo, $2 00 

Hydraulic Cement 12mo, 2 00 

Taylor's Prismoidal Formulas and Earthwork 8vo, 1 50 

Thurston's Materials of Construction 8vo, 5 00 

* Trautwiue's Civil Engineer's Pocket-book. . . .16mo, morocco, 5 00 

* " Cross-section Sheet, 25 

* " Excavations and Embankments 8vo, 2 00 

* " Laying Out Curves 12nio, morocco, 2 00 

Waddell's De Pontibus (A Pocket-book for Bridge Engineers). 

lCmo, morocco, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

" Law of Field Operation in Engineering, etc. . .(In press.) 

Warren's Stereotomy — Stone-cutting 8vo, 2 50 

Webb's Engineering Instruments. New Edition. 16mo, morocco, 1 25 

" Railroad Construction *8vo, 4 00 

Wegmanu's Construction of Masonry Dams 4to, 5 00 

Wellington's Location of Railways Small 8vo, 5 00 

Wheeler's Civil Engineering 8vo, 4 00 

Wilson's Topographical Surveying 8vo, 8 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

HYDRAULICS. 

Water-wheels — Windmills — Service Pipe — Drainage, Etc. 
(See also Engineering, p. 7.) 
Bazin's Experiments upon the Contraction of the Liquid Vein. 

(Trautwine.) 8vo, 2 00 

Bovey 's Treatise on Hydraulics 8vo, 4 00 

Coffin's Graphical Solution of Hydraulic Problems 12mo, 2 50 

Ferrers Treatise on the Winds, Cyclones, and Tornadoes. . .8vo, 4 00 

Folwell's Water Supply Engineering 8vo, 4 00 

Fuertes's Water and Public Health 12mo, 1 50 

Ganguillet & Kutter's Flow of Water. (Hering & Trautwine.) 

8vo, 4 00 

Hazen's Filtration of Public Water Supply 8vo, 3 00 

Herschel's 115 Experiments 8vo, 2 00 

Kiersled's Sewage Disposal 12mo, 1 25 

Mason's Water Supply 8vo, 5 00 

" Examination of Water 12mo, 1 25 

Merriman's Treatise on Hydraulics 8vo, 4 00 

Nichols's Water Supply (Chemical and Sanitary) 8vo, 2 50 

Turneaure and Russell's Water-supply (In press.) 

Wegmaun's Water Supply of the City of New York 4to, 10 00 

Weisbach's Hydraulics. (Du Bois.) 8vo, 5 00 

Whipple's Microscopy of Drinking Water 8vo, 3 50 



Rice and Johnson's Differential Calculus Small 8vo, $3 00 

" Abridgment of Differential Calculus. 

Small 8vo, 1 50 

Totten's Metrology 8vo, 2 50 

Warren's Descriptive Geometry 2 vols., 8vo, 3 50 

" Drafting Instruments 12mo, 1 25 

Free-band Drawing 12mo, 1 00 

44 Linear Perspective 12mo, 1 00 

'• Primary Geometry 12mo, 75 

" Plane Problems 12mo, 1 25 

" Problems and Theorems 8vo, 2 50 

" Projection Drawing 12mo, 1 50 

Wood's Co-ordinate Geometry *.8vo, 2 00 

" Trigonometry 12mo, 1 00 

Woolf's Descriptive Geometry Large 8vo, 3 00 

MECHANICS-MACHINERY. 

Text-books and Pkactical Works. 
(See also Engineering, p. 7.) 

Baldwin's Steam Heating for Buildings .12mo, 

Ban's Kinematics of Machinery 8vo, 

Benjamin's Wrinkles and Recipes 12mo, 

Cbordal's Letters to Mechanics 12mo, 

Church's Mechanics of Engineering 8vo, 

" Notes and Examples in Mechanics 8vo, 

Crehore's Mechanics of the Girder 8vo, 

Cromwell's Belts and Pulleys 12mo f 

" Toothed Gearing 12mo, 

Corapton's First Lessons in Metal Working 12mo, 

Comptou and De Groodt's Speed Lathe 12ino, 

Dana's Elementary Mechanics 12mo, 

Dingey's Machinery Pattern Making .12mo, 

Dredge's Trans. Exhibits Building, World Exposition. 

Large 4to, half morocco, 

Du Bois's Mechanics. Vol. I., Kinematics 8vo, 

" " Vol. II., Statics 8vo, 

" . "' Vol. III., Kinetics 8vo, 

Fitzgerald's Boston Machinist 18mo, 

Flather's Dynamometers 12mo, 

" Rope Driving 12mo, 

Hall's Car Lubrication 12mo, 

Holly's Saw Filing 18mo, 

Johnson's Theoretical Mechanics. An Elementary Treatise. 
(In the press.) 

Jones's Machine Design. Part I., Kinematics 8vo, 1 50 
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Jones's Machine Design. Part II., Strength and Proportion of 

Machine Parts 8vo, 

Lanza's Applied Mechanics 8vo, 

MacCord's Kinematics 8vo, 

Merriman's Mechanics of Materials 8vo, 

Metcalfe's Cost of Manufactures 8vo, 

*Michie's Analytical Mechanics 8vo, 

Richards's Compressed Air 12mo, 

■ Robinson's Principles of Mechanism 8vo, 

Smith's Press- working of Metals 8vo, 

Thurston's Friction and Lost Work 8vo, 

" The Animal as a Machine 12mo, 

Warren's Machine Construction 2 vols., 8vo, 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.)..8vo, 
" Mechanics of Engineering. Vol. III., Part I., 

Sec. I. (Klein.) 8vo, 

Weisbach's Mechanics of Engineering. Vol. III., Part I., 

Sec. II. (Klein.) 8vo, 

Weisbach's Steam Engines. (Du Bois.) 8vo, 

Wood's Analytical Mechanics 8vo, 

" Elementary Mechanics 12mo, 

" " " Supplement and Key 12mo, 

METALLURGY. 

Iron— Gold— Silver— Alloys, Etc. 

Allen's Tables for Iron Analysis 8vo, 3 00 

Egleston's Gold and Mercury ' Large 8vo, 7 50 

" Metallurgy of Silver Large. 8vo, 7 50 

* Kerl's Metallurgy — Copper and Iron 8vo, 15 00 

* 4 < '« Steel, Fuel, etc 8vo, 15 00 

Kunhardt's Ore Dressing in Europe 8vo f 1 50 

Metcalf's Steel— A Manual for Steel Users 12mo, 2 00 

O'Driscoll's Treatment of Gold Ores 8vo, 2 00 

Thurston's Iron and Steel 8vo, 3 50 

Alloys 8vo, 2 50 

Wilson's Cyanide Processes 12mo, 1 50 

MINERALOGY AND MINING. 

Mine Accidents— Ventilation — Ore Dressing, Etc. 

Barriuger's Minerals of Commercial Value Oblong morocco, 2 50 

Beard's Ventilation of Mines 12mo, 2 50 

Boyd's Resources of South Western Virginia 8vo, 3 00 

" Map of South Western Virginia Pocket-book form, 2 00 

Brush and Penfield's Determinative Mineralogy. New Ed. 8vo, 4 00 
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MISCELLANEOUS PUBLICATIONS. 

Alcott's Gems, Sentiment, Language Gilt edges, 

Davis's Elements of Law 8vo, 

Emmon's Geological Guide-book of the Rocky Mountains. .8vo, 

Ferrel's Treatise on the Winds 8vo, 

Haines's Addresses Delivered before tbe Am. Ry. Assn. ..12mo, 
Mott's The Fallacy of the Present Theory of Sound. .Sq. lGmo, 

Richards's Cost of Living 12mo, 

Ricketts's History of Rensselaer Polytechnic Institute. . . . 8vo, 
Rotherham's The New Testament Criticallj r Emphasized. 

12rao, 
" The Emphasized New Test. A new translation. 

Large 8vo, 

Totteu's An Important Question in Metrology. 8vo, 

* Wiley's Yosemite, Alaska, and Yellowstone 4to, 

HEBREW AND CHALDEE TEXT-BOOKS. 

For Schools and Theological Seminaries. 

Gesenius's Hebrew and Chaldee Lexicon to Old Testament. 

(Tregelles. ) Small 4to, half morocco, 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 

" Grammar of the Hebrew Language (New Edition ).8vo, 3 00 

Hebrew Chrestomathy 8vo, 2 00 

Letteris's Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 2 25 

MEDICAL. 

Hammarsten's Physiological Chemistry. (Mandel.) 8vo, 4 00 

Mott's Composition, Digestibility, and Nutritive Value of Food. 

Large mounted chart, 1 25 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Steel's Treatise on the Diseases of the Ox 8vo, 6 00 

" Treatise on the Diseases of the Dog 8vo, 8 50 

Woodhull's Military Hygiene 16mo, 1 50 

Worcester's Small Hospitals — Establishment and Maintenance, 
including Atkinson's Suggestions for Hospital Archi- 
tecture o ,.12mo, 1 25 
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RETURN TO the circulation desk of any 

University of California Library 

or to the 

NORTHERN REGIONAL LIBRARY FACILITY 
Bldg. 400, Richmond Field Station 
University of California 
Richmond, CA 94804-4698 



ALL BOOKS MAY BE RECALLED AFTER 7 DAYS 
2-month loans may be renewed by calling 

(415)642-6753 
1-year loans may be recharged by bringing books 

to NRLF 
Renewals and recharges may be made 4 days 

prior to due date 
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